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The English Milling Situation 


By D. W. KENT-JONES 
Woodlands, Ltd., Dover, England. 


In accepting your invitation to send you an article for the Journal 
of the American Association of Cereal Chemists J felt somewhat uncer- 
tain as to what I could write that would be of interest to you in Amer- 
ica. Things are so very different in England and America. In Amer- 
ica you have a live, active, frank, and essentially successful Association 
for your flour Chemists, while in England there is no such thing. Many 
of the large English Mills have Chemists and laboratories but one does 
not hear of them very much. Outside Mr. Jago, although I have been 
engaged in the Milling industry for over three years, I cannot remember 
ineeting another cereal chemist, while I have only corresponded with two. 
Cereal chemists in England are of course not so numerous as in America, 
but this does not account for the great differences. English millers em- 
ploying chemists act as secretively as possible. Intercourse with other 
chemists is not encouraged and we all work independently. We do not 
know on what lines the others are working or even have anything ap- 
proaching standard methods of analysis. Since results are seareely ever 
compared the necessity for standard methods is not so great. Such a posi- 
tion obviously does not make for progress. Each chemist has in the main 
to do everything for himself. Personally I have only just finished stand- 
ardising for my own benefit the ordinary routine analysis tests such as 
sugars, fats, cellulose, hydrogen ion concentration, ete. 

Undoubtedly there is going to be a change for the better soon, and a 
more or less general and united Research Association for the trade, part- 
ly subsided by the Government, is about to come into existence. Thus the 
many small mills in England will be able to get the advantage of chem- 
ical research and the scattered cereal chemists will get mere in touch 
through the medium of the Research Association. 

The problems which face the English Miller and his chemist are not 
always exactly the same problems as you have in the States. As I un- 
derstand it, there you have your large mills in the big wheat growing dis- 
trict, and hence the mill grist tends to be chiefly of one variety of wheat. 
In Great Britain and Ireland we have a certain amount of native wheats, 
but these naturally have to be supplemented by additional supplies of im- 
ported wheats. Some idea of the smallness of the wheat production of 
the United Kingdom may be judged from the fact that although the pop- 
ulation is close upon 48 million, native wheats only amount to about 8,000,- 
000 quarters annually. Again whereas (taking the vear 1911) United 
States had 45,500,000 acres under wheat cultivation, Canada, 11,000,000, 
Argentine and Uruguay 15,000,000, Australia 6,000,000, the United King- 
dom only had 1,500,000 acres growing wheat. 

To the English millers there come then wheats from United States, 
Canada, Argentine, Australia, India, Manchuria, Persia, ete. Before the 
war Russia also sent plentiful supplies. The English miller has then to 
blend such foreign wheats as are available, so that his flour shall have the 
necessary strength, color and flavor. Prices asked for the available for- 
eign wheats naturally vary, but the strong wheats of U. S. A. and Can- 
ada generally command the top figure. Flour from different parts of 
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England has however its local characteristics and hence certain districts 
in England show preference for special varieties of imported wheats. I 
should like to add in passing, however, that the strength of certain im- 
ported wheats such as Australia and India show a marked tendency to in- 
crease. In both these countries research in wheat growing has resulted 
in great improvements in the breed. American, Canadian, and Platte 
wheats on the other hand show if anything signs of deterioration, and 
hence it is not unlikely that the superiority of American wheats will be 
challenged in course of time. 

English native wheat is of a very unsatisfactory nature for bread 

making. Loaves from all English flour are squat, of little volume and 
poor texture. For bread making there is little demand for all English 
flour, although large quantities are used for biscuits, pastries and self- 
raising flour. Even under the best climatic conditions the wheat is poor 
in- strength, although then it is plump, easy to mill, and yields a plenti- 
ful, good coloured and well flavored flour. 
All English flour, although weak and starchy, has not that dry ricey na- 
ture of flour from the weak Pacifie Coast wheats. In 1921, the summer 
in England was exceptionally dry and hot, and the wheat harvested was 
particularly good for native wheat. In 1922 however, the summer was 
wet and the wheat even weaker than usual. The sap of the grain re- 
mained for a long period in the state of a collateral sol, and only very 
slowly and incompletely was ripened and coagulated into the dried hydro- 
gel. Such wheat was received into the mill with an average moisture 
content of 16-18 per cent. The dried gluten on such straight-run flour 
was about 7.4% and nitrogen 1.25%. 

Some idea of the difficulties of the English miller in utilizing such 
wheat ean be imagined. 

Now English mills may be roughly divided into two classes ;—the 
port millers and the inland millers. The port millers are usually the 
large and important firms, and they use little or no English wheats. Im- 
ported wheats shipped directly to them and taken into the mill by auto- 
matie plants, are as cheap, if not cheaper to them, as the native wheats. 
The majority of the inland mills however are smaller ones, and it is the 
presence of cheap native wheats that enable them to compete with the 
port millers. For them the carriage to the mill on native wheats is small 
compared to the imported varieties. By suitably blending in various 
proportions native and foreign wheats, the inland millers are able to 
produce a flour of sufficient strength to give satisfaction to the baker, 
and do all a considerable local trade. It must not be forgotten that native 
wheats are almost invariably several shillings a quarter cheaper than the 
strong imported ones. Also, that although unsatisfactory in strength, 
English flour is of exceptionally good flavour and for this reason alone 
many millers like to have a little native wheats in their mixture. 

When it is realized that quite often such very different character 
wheats as Manitobas, Hard Winter, Durum, Indian, Australian, and En- 
glish may be blended together, it will be seen that the conditioning of the 
wheat, so that the mill feed on the rolls is an evenly tempered grain, is 
of fundamental fmportance. The subject of tempering and conditioning 
wheats is possibly of much greater importance to the English miller than 
to the American. Nowadays the old method of simply adding additional 
moisture vo the wheat and letting it remain thus in a bin for 24-48 hours 
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is giving way to the modern ‘‘hydrolyser.’’ This misnamed hydrolyser 
receives wheat which has just been wetted by immersion in water and 
heat it in thin moving streams by radiation in a confined space, so that 
the external moisture is driven well into the berry. The passage of the wet 
wheat through the hot conditioner takes a half hour to an hour, and this 
could perhaps with advantage be extended still further. There would ap- 
pear to be distinct and definite times of heating, temperatures, and amount 
of moistures, for each variety of wheat, if the best possible result is to be 
obtained. The hot conditioned wheat has then to be cooled down and 
it is ready for grinding. The modern hydrolyser or conditioner is a very 
valuable plant for increasing the strengths of certain wheats, but it re- 
quires attention and some skill or it may even prove to be actually dan- 
gerous. It is just as easy, or rather perhaps I should say it is easier to 
harm wheat as it is to improve it. 

England has little or no trade for export flour and all the flour, even 
the lowest grades, has to be used. Further it must not be forgotten that 
except in the north of England and Ireland, the home baking trade is 
small and the vast majority of English people buy shop made baker’s 
bread. The English miller has to compete with a large free of duty im- 
portation of foreign flour chiefly from U. S. A., Canada, and Australia. 
This imported flour, which is often rather low in grade, is strong and 
cheap. The baker, naturally anxious to buy his flour in the cheapest 
market, often buys imported flour to add perhaps to some all English 
flour which again is cheap. The English miller has thus a constant and 
powerful competitor which ensures the flour he makes being up to seratch. 
If he suffers certain disadvantages, he can at least plan his wheat blends 
to give him exaetly the strength, flavour, yield, colour ete. that suits his 
trade. In some parts of England, colour and flavour are of more import- 
anee than strength, while in London and the surrounding southern coun- 
ties there is a demand for a fairly strong baking flour, and cottage loaves 
are popular. The constant competition of the imported flour trade, the 
fact that the United Kingdom is at present overmilled, has led to almost 
suicidal cutting in prices and consequently trade depression. On the other 
hand it has resulted in the milling industry making every effort to mill 
scientifically, and, on up-to-date lines. The use of the chemist in the mill, 
a thing unheard of a few years ago, is now increasing. Greater progress 
has however been shown recently as in the formation of the Research 
Association. Further, milling engineering in England has reached high 
standards. 

There is in England at present no demand from the bakers for any 
guarantee as to the ash or protein content of flours. Severe competition 
ensures that baking flour is up to serateh. Regularity is however, as 
in America, a particularly important point and here the value of the 
cereal chemist is becoming more and more apparent. Again the mill 
qualities, particularly strength, of different shipments of the same class 
of wheat, have been found to vary somewhat and the advice, guidance, 
and judgment of the chemist is here again invaluable. Special quick 
strength process tests are attracting much attention in, England. 

Some actual examples of the great variation in strength met with 
may be of interest. For some months a mill was using Argentine and 
Plate wheats (30-40 per cent of the total mixture) which were of fairly 
good and average strength. They were somewhere between Red Winters 
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and Hard Winters. A fresh consignment of Plate wheat however, had 
to be blended very differently, as this new shipment, although normal in 
appearance, was found to have a strength scarcely stronger than the or- 
dinary weak native wheats. 

The English native wheats again have many different varieties 
which vary in strength. The actual varieties are many, but three main 
classes can be noticed. The white wheats, the red wheats, and Yeoman 
wheat. White wheat is particularly weak though it yields a fine white 
flour. Red wheat is only just stronger. Yeoman wheat is a a new variety 
introduced by Professor Biffin of Cambridge University working in con- 
junction with the Home Grown Wheat Committee of the National As- 
sociation of British & Irish Millers. Yeoman wheat, which has been re- 
produced for several successive seasons and is now grown in considerable 
quantity, is undoubtedly a big improvement on ordinary English wheat. 
It yields a much stronger flour (about the strength of Australian and 
oceasionally somewhere approaching the quality of Hard Winter), and 
keeps its strength remarkably inspite of bad climatie conditions. It yields 
an excellent crop of wheat, as much as 12 quarters per acre having been 
obtained, while the average throughout England for this variety must be 
as high as 6 quarters an acre. This comparatively strong native wheat, a 
forerunner of possibly even better wheats, for Professor Biffin’s work 
is continuing, has been a great boon to the small English country millers, 
who of necessity must use a high proportion of native wheats in their 
blend. In Dover we have been able for months to produce a strong flour, 
capable of holding its own with the big London port mills, from a wheat 
blend containing 40 per cent native (Yeoman) wheat. Yeoman wheat is 
apt to get mixed rather with ordinary English wheat with certain care- 
less farmers and the appearance of the grain is often deceptive. The use 
of a chemist here is again especially advantageous. 

Bleaching of flour and the treatment of flour with improvers is popu- 
lar and prevalent in England. The Alsop bleacher (No. 2) is probably 
by far the most used. The legality of bleaching has been fought out in 
the courts, and it is not likely that the authorities will interfere. The 
Wesener process (under the name of the flour maturing process,) em- 
ploying chlorine and nitrosyl chloride is also installed in many mills, al- 
though it has not yet reached the popularity it appears to have obtained 
in America. Nitrogen trinchloride has recently been introduced but as yet 
very few mills are using it. The same applies to the Novadel Process. 

Flour improvers have been used in England for many years. Un- 
doubtedly Ammonium Persulphate, sold under the trade name of Salox, 
is the most popular. Some idea of the extent of its use may be judged 
from the fact that Salox is used at the rate of 1 oz. per sack (280 lbs. of 
flour,) and from the sales it is computed that no less than 12,000,000 
sacks of flour out of a total of 30,000,000 annually milled in England 
are treated with this improver. Calcium acid phosphate under various 
trade names also enjoys a considerable trade. 

I have endeavored to point out in this short article facts which may 
be of interest in America and to emphasize the points where American 
and English problems and practice may differ. Such would be very in- 
complete were not the great difference between English and American 
bread pointed out. In America your bread is often made rich with lards, 
milk, sugars, malts ete. In England the vast majority of bread is made 
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very plainly. High speed doughs, which Mr. Jago informs me are com- 
mon with you, are unheard of in England. An increasing majority of 
bread in England is made on the short four hour dough system. Flour, 
water (approximately 15 gallons per sack of 280 lbs. flour,) yeast 
(31% lbs. a sack) and salt (31% Ibs. a sack) are all the ingredients. Oc- 
eassionally malt extract is used at the rate of 1-lb. a sack, but this is 
by no means general. Seeing that no sweetening or shortening ingredients 
are added, it is especially important that the flour itself, should produce 
a loaf of good flavour. The value of a proportion of native wheats in the 
blend is here seen. Further, as far as I can judge from my own hydro- 
gen ion concentration experiments on commercial doughs and breads, the 
dough in England is taken greener than in America. That is to say while 
American commercial bread has generally a P. H. value of 5.0-5.7, En- 
glish commercial bread is seldom below P. H. 5.5. It is quite often 5.8, 
5.9 ete. Bread with a much higher hydrogen ion concentration would 
tend to be rather acid for English liking. 

Generally speaking however there would not appear to be very much 
difference between English and American flour judged from the ana- 
lytical results published in your journal. Possibly the ashes of English 
flours are on the whole somewhat lower than American flours, while 
the English flours again appear to be less buffered than your own. 

Before closing I should like to congratulate the American cereal 
chemists on their valuable journal and to say that I have found it ex- 
tremely useful. I believe your Association, of which I am very proud of 
being a member, makes more than anything I know for progress in the 
mill. I must own that I look forward very eagerly to each number, and 
I have never yet failed to learn something useful from each and every 
publication. 





Recent Durum Wheat Investigations at the North 
Dakota Experiment Station 


By C. E. MANGELS 
North Dakota Agricultural Experiment Station, 


Durum wheat was introduced into this country about twenty-five 
years ago. The durum types of wheat are distinctly different, not only 
botanically but also in other characteristics, from the vulgare or com- 
mon wheat. Durum wheat is also produced in Russia, Italy, and North- 
ern Africa and also to a limited extent in Canada. Durum wheat pro- 
duction in the United States is practically confined to the four states, 
Minnesota, North Dakota, South Dakota and Montana. The state of 
North Dakota produces more than half of the total produced in the 
United States. The Department of Agriculture gives the durum wheat 
production in 1921 as 49,553,000 bushels, and of this total 33,336,000 
bushels was produced in North Dakota. The durum wheat production 
has shown considerable fluctuation from year to year, but there has been 
a general tendency to increase the production. 

The durum type of wheat, it is now agreed, is primarily suitable 
for the production of macaroni and similar products. It is strange, 
therefore, that until very recently little or no investigational work has 
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been done regarding the utilization of durum wheat for macaroni and 
similar products. It has been often assumed, unfortunately, that any 
durum wheat would make suitable macaroni. The South Dakota Sta- 
tion did conduct investigations some 20 years ago on the use of durum 
for macaroni. The general purpose of these investigations was evidently 
to show that American grown durum was just as suitable for macaroni, 
as that produced in foreign countries. 

While investigations have neglected the utilization of durum wheat 
for macaroni, we find considerable investigational work on the use of 
durum wheat flour for bread. Durum wheat is used for bread in Eur- 
ope, particularly in Russia, but has never met with favor in this coun- 
try. These European countries evidently do not object to a heavy bread, 
but the American public prefers a lighter bread. Durum wheats appar- 
ently cannot compete with our hard common wheats as a bread wheat, 
and as long as we have high quality common wheat available, the durum 
wheat will probably not be popular as a bread wheat—unless we can 
greatly change or improve it’s bread making quality. It is not the pur- 
pose of this paper to discuss bread making qualities of durum wheat, but 
to give the results of investigations on the utilization of durum for mac- 
aroni and similar products. 

The macaroni industry in the United States was comparatively in- 
significant before durum wheat was introduced into the Northwest. The 
macaroni products consumed were practically all imported. The maca- 
roni industry and the semolina milling industry became well established 
after a suitable supply of raw material was available. The prosperity of 
the American macaroni industry, therefore, depends to some extent upon 
a suitable supply of raw material. In the investigations undertaken at 
the North Dakota Station we have endeavored to give first attention to 
important commercial problems dealing with raw material. The quality 
of raw material (or grain) in macaroni production is very important, 
since usually only water is added in the process of manufacture, and the 
quality of raw material directly effects the quality of the finished pro- 
duct. The trade apparently demands a macaroni product which at least 
has the two following qualities: 

(1) The product will be soft cream to creamy vellow in color. 

(2) When cooked the product will not disintegrate but will keep 
it’s shape. 

The investigations conducted so far have dealt principally with the 
influence of variety on color. 


Experimental 


Relation of variety to color—These are two general types of durum 
wheat produced in the United States—amber durum and red durum. The 
trade has discriminated against the common red durum or D-5 for some 
time on account of lack of creamy color, but until recently it was as- 
sumed, chat all amber durum varieties were satisfactory for macaroni. 
The varieties originally introduced were probably satisfactory, and the 
two principal commercial varieties—Arnautka and Kubanka are evi- 
dently satisfactory. New varieties have been introduced, however, from 
time to time, and these varieties were selected on account of high yielding 
power or rust resistance, without reference to their technical value. The 
most important varieties commercially are Arnauthka, Kubanka, Monad, 
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Aeme and D-5. Varieties of lesser importance are Mindum, Peliss, Kahia 
and Buford. 

In order to determine the color tendencies of the different varieties 
we have examined, flour, bread and macaroni, made from different sam- 
ples of each variety. The observations on color of flour and bread was 
made on a number of samples from different parts of North Dakota, 
while the observations of all three products was made on a limited num- 
ber of samples. Observations have been made on the 1921 and 1922 crops. 

Color of Flour 

The color shade of the flour is most easily determined by the ‘‘pekar’’ 
or ‘‘slick’’ test. Table I (1922 erop) gives the results of observations 
on the flour of different varieties from six different locations. It will be 
noted that the predominating color of Arnautka and Kubanka varieties 
is creamy to light yellow. The Monad samples show some tendency to 
be creamy, but the predominating color is not satisfactory. Monad shows 
considerable variation in color. The Aeme and D-5 are not satisfactory, 
showing reddish or brownish tints, as does the Monad in some eases. The 
sample of Monad from Williston in the northwest part of the state, is 
designated as ‘‘whittish gray ’’and shows entire absence of creamy or 
yellow pigment. The peliss and Mindum varieties show good color, par- 
ticularly the Mindum. The Kahla variety is variable, but the sample 
from Edgeley southeastern North Dakota) has a satisfactory color. 
There is some indication of variation due to climate, but it will be noted 
that the Kubanka and Arnautka varieties tend to give a fairly good col- 
or in all cases. 

Color of Bread 

Baking tests have been made on durum wheats grown at Fargo and 
the five sub-stations (Dickinson, Edgely, Langdon, Williston and Het- 
tinger.) ‘The color shade of the bread was observed for the 1921 and 
1922 crops. Tables II and III show the color shade of bread for the 1921 
and 1922 crops respectively. The difference between Kubanka and Ar- 
nautka and Monad, Acme and D-5 are accentuated as compared to the 
color of flour. 

It will also be noted that so far as Arnauthka, Kubanka, Monad, 
Aeme and D-5 are concerned, the results on the 1921 crop are similar 
to the 1922 crop. The Kahla variety is an exception, since all samples of 
this variety show a creamy color in 1921, while this variety was not so 
satisfactory in 1922. The fact that the color differences persist after 
fermentation and baking indicate that the color difference is due to in- 
herent differences in the composition of the wheat, and is not due to the 
physical condition of the semolina. Some varieties, therefore, evidently 
earry the desirable yellow pigment while others do not. Climatie differ- 
ences may, and very probably do have some effect, but some varieties 
evidently persistently carry more yellow pigment than others. 


Color of Macaroni 


For this experiment a limited number of 15 bushel samples were 
used. In all nineteen large samples were secured, representing different 
varieties. -The lots secured were from the 1921 crop, and a small sample 
of each lot was planted in the spring of 1922, in order to ascertain defi- 
nitely that the lot was of the variety represented. As a result of these 
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field tests the results from three lots of wheat were discarded due to un- 
certainty of variety. The lots tested represented 4 samples Monad, 3 
samples each Kubanka and D-5, 2 samples Acme and one sample each 
Arnautka, Mindum, Buford, and Red Durum N. D. 46. 

The fifteen bushel lots were milled to semolina in the Experiment 
Station Mill, and 300 pounds of semolina sent to the Creamette Co., of 
Minneapolis for conversion into macaroni products. The Creamette Co., 
converted the semolina into macaroni products and these products were 
returned to the laboratory for examination. A portion of the semolina 
was also reduced to flour. The color shape of this flour was noted, and 
the color of bread baked from this flour was also observed. Table IV 
shows the results of observations on flour, bread, and macaroni. The 
data on color from this lot of samples is not as clear cut as in ease of 
small samples from the sub-stations. The milling equipment available 
was not well adapted to semolina milling, and we were unable to obtain 
a clean semolina, free from bran particles. While all samples were 
handled, as much as possible in the same manner, the lots of semolina 
were not uniform. Some lots contained more bran particles than others, 
and this may have obscured results in some eases. 

The saraple of Arnautka gave a cream colored macaroni, but it was 
too light. The hest samples of macaroni were from the Buford and 
Mindum samples, but the Kubanka from Dickinson (western North Ka- 
kota) was almost as good. Out of three samples of Kubanka, two gave 
a satisfactory macaroni. The Kubanka from Casselton (a few miles west 
of Iargo,) however, gave a very poor colored macaroni. The macaroni 
from the ‘argo Monad sample was of very good color, but ihree other 
samples were poor. The two Aeme samples were both decidedly poor. 
The three samples of D-5 were all unsatisfactory. The sample from 
Eldridge (near eam«stown) was very dark, but this very poor color may 
have been partly duc to ineluded bran particles. The N. 1). 46 is a variety 
of Red Durum, the grain of which is similar in appearance to D-5, but 
the flour from N. D. 4% has an intense yellow color. The macaroni from 
this variety, liowevir, has a slight brownish cast. In this ease the color 
is probably too intense. 

It will be noted thet there is a distinet correlation between color of 
macaroni, bread, and flour. The color of flour, in the wriier’s opinion, 
follows the color of macaroni much more closely than the eolor of bread. 
This is to be expected. The color of the flour, or semolina, particularly 
after wetting and drying would appear to be a very satisfactory index of 
the color of the resulting macaroni. 

The Monad variety shows considerable variation in color. It has 
been suggested that the poor color in Monad might be due to the wheat 
scab disease, since Monad is particularly susceptible to this disease. The 
years 1921 and 1922, however, were not scab years. The Kubanka, Ar- 
nautka und Mindum varieties apparently show satisfactory color quite 
consistently. Monad is variable in color and of doubtful value, while 
Aeme and D-5 are unsatisfactory. Buford and Peliss are not important 
commercially, but appear to have satisfactory color. 


Cooking Quality of Macaroni 


Good macaroni should not disintegrate when cooked, but should re- 
tain it’s characteristic shape. The sixteen samples of macaroni were sub- 
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mitted to another laboratory for a cooking test. Table V shows the re- 
sults of cooking tests and the protein content of the semolina used for 
the macaroni. It will be noted that the consisteney of all Kubanka sam- 
ples, and the Arnautka and Mindum samples is ealled ‘‘very good.’’ One 
sample of D-5 is also ealled ‘‘very good.’’ The Buford sample was eall- 
ed ‘‘too starchy.’’ Three out of four samples of Monad are called ‘‘too 
starchy.’’ One sample of Acme is ‘‘starchy.’’? One sample each of Acme 
and Monad with very high protein content are characterized as ‘‘tough, 
elastic, good.’’ The cooking tests were secured through the co-operation 
of the Office of Home Economies, U. S. Department of Agriculture, 
Washington, D. C. 

The cooking tests indicate that Arnautka, Mindum and Kubanka 
are probably satisfactory, while other varieties are doubtful. ‘‘D-5’’ ap- 
pears to be better than Monad. We eannot ascribe the difference in 
cooking quality entirely to difference in protein content. Within a va- 
riety the difference in protein content would appear to influence the 
consistency, with some exceptions. but between varieties the protein con- 
tent cannot be the sole factor. The data in Table V suggests that the eook- 
ing qualities of macaroni produets are influenced by constituents other 
than protein content. While the character of the protein may influence 
the cooking qualities, the writer is of the opinion that we are more likely 
to find causes of difference in the carbohydrates of the semolina. Mac- 
aroni from durum semolina is translucent and when broken shows a glas- 
sy fracture. A dried paste of common wheat is opaque. The cause of 
difference in cooking qualities is a subject which needs further investi- 
gation. 

Summary 

The Kubanka and Arnautka varieties are now the principal com- 
mercial varieties in North Dakota and they are satisfactory for macaro- 
ni. The Arnautka is being displaced by Kubanka and other varieties 
of higher yielding power. The higher yielding power is probably due 
principally to better resistence to stem rust. The Monad, Acme and D-5 
varieties are very resistent to stem rust and are high yielders. At Fargo 
where rust was a large factor the increase in yield is quite marked. The 
yield at Fargo were Kubanka 24.2, Arnautka 18.8, Monad 41.8, Acme 
36.8 andD-5 36.6. Monad and D-5 also show relatively high yields at 
Edgely as compared to Kubanka and Arnautka. At Edgely the yields 
were Kubanka 20.8, Arnautka 19.5, Monad 27.5, D-5 25.8. On account 
of high yielding ability these varieties have met with favor, but their low 
technical value makes their continued production inadvisable. Our need 
at present is for high yielding and rust resistant varieties which also ear- 
ry high technical value for macaroni manufacture. Such varieties are now 
in course of development at the North Dakota Experiment Station. The 
development of such varieties will insure a supply of proper raw material 
to the semolina miller and the macaroni manufacturer. 
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Table V. 
Cooking Qualities and Protein Content 
Variety | Location Crude Consistency of Cooked 
Protein % Products. 
Arnautka > | Dwight  —+| «*'12620—C—t—C~™ | Very good. iy eal 
Kubanka | Dickinson | $7.81 | Very good. ae 
Kubanka —_—SYs+||_—s«écLLangdon mS” ° See | aati 
Kubanka _Casselton | 13.00 | Very good. a 
Monad [io 2S SC Ce | ‘Slightly, starchy, good. — 
Monad 7 _ Dickinson 17.52 Tough, elastic, good. 
Monad i ia tas Very starchy  _ 
Monad —S|:sS&Winrndssor . > = Too starchy. ¢ 
Acme “4 | Ypsilanti 12.69 Slightly starchy, good. 
Acme ~ Highmore | 16.08 | Tough, elastic, good. — 
D-5 | ea Tower City 13.30 Very good. — 
D-5 ae Wilton — —— Slightly starchy, good. 
D-5 : Eldridge Ts oe Slightly starchy, good. 
Mindum Crookston | | 13.22 ; Very good. - 
Buford Williston ae Too starchy, 
N. D. 46 Courtenay. _—s«|_‘:12.24 | Tough, elastic, good. 











Has Northwestern Spring Wheat Deteriorated ? 


By CHAS. H. BRIGGS 
The Howard Wheat and Flour Testing Laboratory. 


Has the quality of Northwestern Spring Wheat deteriorated? In- 
numerable times this question has been asked of the Howard Labor- 
atory. There has for a long time existed a rather wide-spread idea that 
this type of wheat is not as good as it was 5, 10 or 15 years ago. Is 
this just an example of placing the Golden Age of wheat quality in the 
past or has there been a degeneration of the varieties of wheat, a deple- 
tion of soil or a distinet change of*climate? The partial substitution of 
the so-called Velvet Chaff variety in some localities for the former 
standard Blue Stem and Fife varieties and, beginning in 1912, the growing 
popularity of Marquis have served to keep this question in the fore- 
ground. Contrary to the general impression, there is no evidence from 
records of the Weather Bureau to show that th climate of the North- 
western States has changed, hence if a period of years be averaged, the 
weather will have to be ruled out as an effective cause of deterioration. 
It may be possible that soil depletion would bring about deterioration of 
wheat quality, if wheat were cropped without rotation on the same ground 
for many years, but leaving aside the mew Canadian fields, there is much 
new ground seeded to wheat each year in the Northwest and in the long- 
er cultivated sections, wheat finds a place in most well-ordered rotation 
systems, hence this factor nay not be as important after consideration, 
as it would at first appear. 

How far the now very general cultivation of Marquis wheat may 
influence the trend of quality, is an important one. The value of this 
variety was early recognzied. Too much emphasis cannot be laid 
on the importance of selecting for any section, the variety which 
possesses in the highest degree, those properties which make it of 
of milling and baking value. The tendency in the past has been 
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far too generally to select the varieties which showed the largest yield 
per acre, disregarding the character of the wheat as measured by its 
flour yielding ability and the quality of that flour. Marquis is a notable 
exception to this procedure, yet it is by far no means all that could be 
sired from the milling standpoint. It appears to be possessed of a 
thicker branny coat on the average than the older varieties and there- 
fore to give a lower flour yield. There is an opportunity for an improv- 
ed variety that shall possess in larger measure all the properties valued 
by the farmer, the miller and the baker. The farmer’s interest ought not 
to overshadow the interests of the miller in having wheats of high flour- 
ing value. But millers and grain buyers themselves have not always 
been as far-sighted in offering premiums for such wheats as, for the ad- 
vantage of both farmer and buyer, would have been the wise policy. 

But without further discussion of the separate questions involved 
in the question which forms the title of this paper, I shall present the 
figures which will, I believe, answer it. The figures which follow have 
been compiled from the results of many thousands of tests of the wheats 
4 the past 16 years. In first collecting the figures which were to ente: 
into the averages, all tests of durums and both hard and soft winters 
were of course omitted and likewise Canadian wheats. We chose to use 
the amounts of dry crude gluten rather than of crude protein as the 
measure of the quality of spring wheat, both because millers and grain 
men have in greater proportion required the gluten test and because, 
for reasons which were set forth quite fully in an aticle published in 
the Northwestern Miller of Sept. 20, 1922, by the author of this, the 
gluten test gives results which more accurately express the quality of 
wheats and flours for breadmaking. 

On the basis of this compilation of averages of results of numer- 
ous gluten tests made by us, it can fairly be asserted that, taking con- 
sideration of the expected annual fluctuations of quality, the average 
quality of Northwestern spring wheat has not noticeably deteriorated 
in the past 16 years. The average results are as follows: 


Crop of Per Cent. Crop of Per Cent. 
1907, 11.70 1917, 12.99 
1908, 11.50 1918, 12.18 
1909, 12.64 1919, 11.51 
1910, 12.42 1920, 12.35 
1911, 13.80 1921, 12.37 
1912, 11.67 1922, 12.02 
1913, 11.56 Average, 12.03 
1914, 11.29 Lowest, 7.8 
1915, 10.93 Highest, 19.6 


1916, 11.51 
Attention is invited to the high figures of 1911 and 1917 and the 


low figures of 1914 and 1915; also to the practical identity of the figures 
for the erops of 1908, 1913, 1916 and 1919. It would be interesting to 
attempt to correlate weather conditions in these years with the results 
here presented but the writer has not found opportunity and, at any 
rate, feels with Mark Twain, that nothing much ean be done about it. 
The practical thing is, as suggested above, the development of wheat 
varieties combining in perfect balance (1) high yielding ability under 
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the severe handicaps of Northwestern conditions, (2) high milling yield 
of flour, having (3) glutenous, bright colored, sound and highly water- 
absorptive quality. The writer would rather have the honor of develop- 
ing such a wheat than to be president. It is his hope to have the op- 
portunity to recognize and acclaim it when it shall be developed. The 
other practical thing is to do all possible to aid the farmers to follow the 
best cultural methods so that the superior quality of spring wheat may 
in years to come be not merely maintained but advanced. 





An Examination of Some Self-Rising Flours 


By L. H. BAILEY 
Bureau of Chemistry, U. S. Department of Agriculture. 


The self-rising flour industry has been developed in the United 
States largely within the last ten years. Self-rising flour was first man- 
ufactured in Nashville, Tennessee, but now it is produced in most of the 
sections of the country where soft wheat flour is available. The annual 
output is estimated to be about ten million barrels. While self-rising 
flour is produeed in different parts of the country, most of it is sold 
in the states east of the Mississippi River and south of the Ohio River. In 
fact, it is said that in some of these states as.much as ninety per cent of the 
flour used is self-rising. 

In order that the Bureau of Chemistry might be better informed 
about this new food industry, the writer was sent into the field to gath- 
er information on the subject. Mills and blending plants in ten of the 
southeastern states were visited and the process of manufacture was 
observed. 

A large part of the self-rising flour produced is made by mixing 
monocalcium phosphate, bicarbonate of soda, and sodium chloride in 
definite proportions with soft wheat flour. The proportions used differ 
somewhat at the various plants. In a few eases another acid constituent 
is substituted for the monoecaleium phosphate, either in whole or in 
part. Sodium acid phosphate and potassium acid tartrate have been us- 
ed for this purpose. 

Weighed quantities of flour, leavening agents, and salt are placed 
in a flour mixer and blended by agitation. When blended this portion 
is removed and a new charge is added. So far as the writer is inform- 
ed this intermittent process of mixing is the one ordinarily used. 

As dampness must be avoided in the case of self-rising flour, man- 
ufacturers carefully select the salt that they use. Salt that becomes 
damp and lumpy is not suitable for this purpose. If self-rising flour 
becomes damp, small aggregations, called ‘‘pit balls,’’ form in the flour 
which then loses some of its leavening power and is unsalable. Manu- 
facturers and dealers alike try to avoid this condition. Merchants buy 
relatively small quantities of self-rising flour at one time in order that 
they may always have a product that will be in good condition when 
sold. The writer was informed that, in general, self-rising flour is us- 
ed within three months after it has been manufactured. 

Self-rising flour is used almost exclusively by the household trade. 
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It is packed, usually in six, twelve and twenty-four pound sacks, seldom 
in sacks of other sizes, or in cartons. It is sold for the most part in the 
original packages; oceasionally a dealer sells from bulk. 

The grade of flour used in making self-rising flour is governed by 
the demands of the trade. In certain places only high grade flour is 
sold, while in others lower grades are more popular. In some sections 
money is so scarce that the cheapest flour that can be bought is the one 
in greatest use. Some of the larger mills make several grades of flour 
to meet the particular demand of different sections, and again a num- 
ber of mills put out the same goods of flour under different brands. 
The prices vary with the grades. 

Visits were also made to flour brokers, wholesale flour merchants 
and retail grocery stores. Samples, large and small, were collected from 
all of these sources—in all about ninety different samples were obtain- 
ed. These were manufactured in sixteen states. Those procured from 
the mills and blending plants were strictly fresh goods, while those se- 
cured from the merchants were of indefinite age. It is known that 
some were at least several weeks old, for they had been manufactured 
in the Far Northwest, and shipped down the Pacifie Coast, through the 
Panama Canal, and up the Atlantic Coast to a port in one of the South- 
Eastern States. An effort was made to collect the oldest samples that 
could be found in the regular channels of commerce as well as the new- 
est. 

These samples were sent to the Bureau of Chemistry for examination. 
A miscroseopical test (U. S. Department of Agriculture Bulletin 
1130, ‘‘Significanee of Wheat Hairs in the Microscopical Examination for 
Flour,’’ by George L. Keenan) of the flours was made to determine the 
grade or class of flour that had been used in their manufacture. The 
flours were classified on the basis of hair count. Those having a low 
hair count were designated as first class flour, those with a medium 
hair count as second class, and those with a high count as third class. 
There is not a sharp line of demarcation between these classes, but in 
this work a count of approximately twenty wheat hair was arbitrarily 
chosen as the dividing line between the first and second ecalsses of flours 
and seventy as the line between second and third classes. 

The real test of flour is the character of the baked product that it is 
capable of producing. All these flours were baked into biscuits as soon 
as convenient after they had been received at the laboratory. 


Personal Formula. 


Self-rising flour 227 grams 
Shortening 15 grams. 
Water as required. 


The shortening was thoroughly mixed with the flour, and enough 
cold water to make a soft dough was added. The dough was put inside 
an embroidery hoop placed on the table top and rolled to the thickness of 
the hoop. Seven biscuits were cut with a cake or biscuit-eutter, and the 
excess dough was descarded. The seven biscuits, all being of the same 
diameter and thickness, were put in a baking dish and baked at a tem- 
perature of about 240° C. for a period of 12 to 15 minutes. After bak- 
ing, the biscuits were cooed, weighed, and measured for volume in groups 





Set 


Se ee ee ee 


AMERICAN ASSOCIATION OF CEREAL CHEMISTS 121 


of seven. The seven biscuits taken together constituted the test bake for 
each sample. The volumes of the biscuits were obtained by the replace- 
ment of equal volumes of rape seed. The groups of biscuits were then 
photographed, after which they were broken open and scored for appear- 
ance and color of crust and appearance and color of crumb. The results 
of this examination are shown in the attached table. 

The volume of a biseuit depends upon the character of the flour, 
the eondition of storage, the proportion of leavening agents added, the 
method of handling, ete. An effort was made to handle all of these flours 
alike. The average volume of seven biseuits was 559 ee.; the maximum 
volume was 640 ec., and the minimum volume was 460 ce. The weight of 
a biscuit also depends upon the character of the flour, the quantity and 
quality of leavening agents and the quantity of water that is retained 
in the baked product. The average weight of seven biseuits was 217 
grams. The maximum weight was 244 grams and the minimum weight 
was 186 grams. Biscuits made from some flours do not have even and 
smooth crusts, but have irregular surfaces. When these self-rising flours 
were scored for appearance of crust, 9 were graded as poor, 36 as fair, 
45 as good, and 2 as verv good. 

The color of the crust varies somewhat with different flours, even 
though the biscuits are baked at the same temperature. Those having a 
light brown color were graded the highest. On the basis of the color of 
the erusts, 4 groups were graded as poor, 23 as fair, 60 as good, and 5 
as very good. 


Under appearance of crumb were consitlered the lightness or flaki- 


ness of the crumb and also its texture. Of these biscuits one group, which 
had a bitter taste, was scored as bad, 6 were too firm, 5 were coarse, 9 
were poor, 28 fair, 39 good, and 5 very good. Several factors contribute 
toward producing the color of the erumb. A low grade flour produces a 
grey color, and an excess of soda a yellow color. An excess of soda and 
an excess of moisture with a low grade of flour make a dark colored bis- 
euit. A high grade soft wheat flour will make a white biseuit and a 
bleached flour will make a very white one. An unbleached flour of cer- 
tain wheats will give a cream colored biseuit. According to color, 8 groups 
of these biscuits were scored as vellow, 2 as gray, 13 as dark, 4 as very 
dark, 31 as white, 11 as very white, and 25 as cream. 

In the general score of these biscuits 2 were graded excellent, 7 very 
good, 38 good, 37 fair, and 8 poor. 

The conelusion drawn from the examination of these 92 samples of 
self-rising flour, taken from the ordinary channels of commerce, is that 
a large proportion of them were capable of producing biscuits that had 
good color and appearance. They were well leavened and palatable. Some, 
however, were inferior in texture, volume, general appearance, and color. 
The characteristic yellow color of many of the biscuits was undoubted- 
ly due to an excess of soda. A grey or dark color resulted from the use 
of the lower grades of flour. The inferior biscuits also had poor texture 
and small volume. 

In presenting this paper the author wishes to gratefully acknowledge 
the assistance given by Miss A. Leone Rutledge, Miss Alice A. Boynton 
and Mr. George L. Keenan. 
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Bread vs. Vitamins 


By C. B. MORISON 
American Institute of Baking. 


Bread, especially white bread made from highly milled patent flour, 
has always been a favorite target for the slings and arrows of the food 
erauk and vox-popular scientist. 

It is very easy to make white bread the object of sensational attacks 
which lend themselves readily to headlines and exaggerations in the 
press and popular periodicals because the average reader has little or no 
knowledge or appreciation of all the facts surrounding the problem of 
the nutritional properties of bread and its role in the dietary. 

Lately the nutritional bolshevik whose attitude toward traditional 
eonceptions in popular feeding is similar to that of his political brethren 
in matters constitutional, has obtained considerable more thunder for 
his attack on white bread from recent investigations in nutrition which 
are concerned with the essential dietary factors now known as vitamins. 

Formerly controversies on the respective merits of bread made from 
various grade of flour revolved about digestibility coefficients and de- 
ficiencies in inorganie elements to become later complicated by the recog- 
nition of differences in the nutritive properties of the proteins and re- 
cently by conceptions dealing with vitamins as factors in relation to met- 
abolism and ‘‘deficiency diseases.”’ 

This has resulted in much popular bewilderment because of the fact 
that the problem as a whole, of the role of bread in the dietary, has been 
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made subsidary to the over emphasis of certain specific points that may 
be sensationally treated in addition to the ‘‘complete food’’ obsession 
that naturally follows: 

These attacks on bread have not originated from those who stand 
foremost among reeognized authorities in biochemistry and nutrition but 
for the most part come from second hand sourees who have a hobby to 
ride or something to sell. 

White bread like all other foods is not complete and balanced in all 
dietary essentials so that it can serve as the sole source of food over the 
complete life history of an animal. 

Milk is the most satisfactory food in regard to its constitutents but it 
will not serve alone as a complete souree of nutrition for the adult animal. 
Mattill and Conklin have recently shown that when rats were fed on 
cow’s milk exclusively, normal growth was retarded in its later stages with 
failure to secure normal reproduction. Though milk is the essential and 
only food suitable for the young animal it is also deficient in iron and as 
McCollum states ‘‘if a child were confined too long to milk as its sole 
food it would suffer anemia for lack of iron.”’ 

it has been repeatedly shown by many investigators that there is no 
one natural food taken by itself as the sole source of nutrition that is not 
more or less deficient in some dietary essential. ‘‘The keynote to the dis- 
cussion of the individual foods entering into the diet of man is the im- 
portance of using proper combinations of food.’’ The food crank ignores 
this important nutritional truism and as a result, launches forth his dia- 
tribes against bread and other traditionally basie foods to the total loss 
of all sense of proportion. It thus naturally follows that we hear these 
critics condemn white bread unreservedly because it lacks vitamins and 
as an insidious, enemy of the human race which is destroying our teeth 
and rapidly forming us into national malnutrition and oriental beriberi. 

Wheat and its products have been intensively investigated by Os- 
borne and Mendel, MeCullum and his coworkers, Sherman and others. 
The proteins of the entire wheat Kernel have been found to be superior 
to the proteins of the other cereal grains so far as is now known. Os- 
borne and Mendel’s results indicate that the proteins of the endosperm 
tissues from which patent flour is made are adequate for the adult 
maintenance of the rat but are inadequate for growth. When milk, meat 
or eggs is added to wheat flour the value of the proteins is greatly en- 
haneed for growth, with greater economy in consumption. It is the 
opinion of these investigators that ‘‘under the ordinary human dietary 
conditions, the proteins of wheat are advantageously employed.’’ The 
proteins of patent wheat flour may be supplemented also by soyabean 
flour and peanut flour. 

H. C. Sherman has reported experiments with bread which show 
the efficiency of the protein in maintenance metabolism. ‘‘In these ex- 
periments bread furnished over 95% of the protein consumed, yet allow- 
ing the first three days for adjustment it will be seen that practical 
equilibrium was maintained on an intake of a little less than 0.5 grams 
of protein per kilo of body weight.’’ Thus the protein of wheat bread 
showed as high an efficiency in the maintenance metabolism of man as 
would be expected of the protein of mixed diet in general. The bread 
was ordinarily white bread purchased from a New York City bakery. 
Probably the customary small amount of milk was used, exactly how 
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much or in what form we were not permitted to ascertain. That the 
bread did not contain any unusual proportion of milk or milk powder 
was shown by determining its content of phosphorus and calcium as well 
as nitrogen. 

Thus it does not seem necessary to discriminate against bread protein 
as compared with the proteins of staple foods in general in so far as the 
requirements of adult maintenance alone are concerned. 

The ash deficiencies of white bread may be supplemented also by the 
use of other foods containing sufficient calcium, phosphorus, sodium, chlo- 
rine and iodine. The addition of mineral salts containing these ingre- 
dients is justified in bread formulas using patent flour. Sodium chloride 
in particular as a source of sodium and chlorine should be regarded as 
a nutritive essential of white bread apart from its important influences 
on fermentation and flavor. The calcium content of white bread is 
higher than popularly supposed because of the use of ‘‘yeast foods,’’ and 
milk and its products in the formula. Milk again is noteworthy as a sup- 
plement for the calcium and phosphorus deficiencies of white bread. 

Patent flour and white bread are very deficient in the vitamins 
A, B, and C but again these are ordinarily supplemented by the use 
of proper food combinations. Both A and B tan be introduced into 
white bread formulas very easily by the use of appropriate sources of 
these vitamins. 

Milk again may contribute efficiently to the contents of A or fat solu- 
ble A, the anti-opthalmie vitamin. It will also furnish considerable B, the 
antineuritie vitamin, but this can be more readily inereased by the use 
of certain vitamin B concentrates from wheat germ and yeast. 

Vitamin C, the antiscorbutic vitamin is too susceptible to tempera- 
ture and exidation to be considered in connection with white bread and 
it is not necessary or practical to indicate possibilities in’ this direction 
unless the type of white bread as now produced is materially changed. 

The feeding of bread as the sole source of food to animals, especial- 
ly white rats, has been carried on by many investigators. The facts are thor- 
oughly established and it is interesting to note that the classical experi- 
ments of Stepp which were published in 1909 showed that bread prepar- 
ed with milk was capable of maintaining adult white mice without loss 
of weight for a very long period of time. Stepp almost discovered and 
recognized the existence of what are now known as vitamins as the indis- 
pensible essentials of this diet but he regarded the unknown factors 
then as lipins. 

The effect of milk in promoting the growth of animals was recog- 
nized by Hopkins a few years later. Historically the B vitamin has a 
close connection with bread and milk. 

The recent experiments of Sherman and co-workers 1921-1922 on 
the feeding of simplified diets to white rats have shown strikingly the 
remarkable effects of milk in supplementing the recognized deficiencies 
of white flour. 

When a mixture of equal weights of bread and milk, in which white 
bread furnished four-fifths and milk only one-fifth of the total calories 
(or a corresponding mixture of dry bread or flour or whole milk pow- 
der) it was sufficient for growth at practically the normal rate but not 
for normal reproductions. 

Ona ration containing the same proportion of milk but with ground 
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whole wheat instead of bread or patent flour, young were successfully 
suckled and grew to maturity at somewhat less than the average rate 
and in several eases produced and successfully suckled young of the third 
generation. When larger proportions of milk were used so as to con- 
stitute one-third of the total solids, the rest of which was ground whole 
wheat, the mother suckled the young without undue loss of weight with 
normal growth. 

When ordinary milk was replaced by dried milk or when used in 
bread making and subjected to the temperature of baking, there was no 
evidence of any appreciable effect of such heating upon the growth 
promoting property of milk as demonstrated upon rats. 

When one-half of the water used in bread-making was replaced by 
milk and still more when the bread was made entirely with milk, the im- 
provement in the food value was strikingly apparent on the growing an- 
imals. 

Increased rate of growth regularly followed increases in the pro- 
portion of milk in the diet from 5% to 38% of the total calories of the 
food. Feeding experiments with white rats using bread made from pat- 
ent flour and containing various amounts of milk have been conducted 
by the writer in the Institute Laboratories for many months. The re- 
sults of these experiments according to the graphs and photographs 
which have been shown you, demonsstrate the important nutritional ad- 
vantage which milk possesses as a supplement to patent wheat flour, es- 
pecially in relation to the proteins and inorganic constituents and in part 
to the vitamins A and B. 

Tests in our laboratories on some of the vitamin B concentrates ree- 
ommended to. be used in connection with bread making, have shown 
them to be of no value unless used in connection with materials which 
must be added in sufficient. quantity to supplement the proteins, inor- 
ganic constituents and the A vitamin. 

Some of them are clearly misrepresentations of the facts and while they 
may be concentrates containing potent amounts of B, they serve no use- 
ful purpose in white bread without additional supplements to cover their 
own characteristic deficiencies. 

One preparation we have tested is a deliberate fraud and contains 
absolutely no vitamins. As far as we have gone with our preliminary 
trials, the Vitomim Bread manufactured by the Ward Baking Company 
has given exceptional results as the following graph indicates. Its form- 
ula contains a vitamin B concentrate from cereal grain sources and 
sufficient milk to supplement the patent wheat flour protein. The inor- 
ganic constituents, especially calcium is maintained at a high plane suf- 
ficient for the requirements of our animals and is due to several sources 
notably the milk. Milk is also the chief source of the A vitamin. 

Bakers and others who are led to buy vitamin concentrates for the 
purpose of increasing the food value of bread should be very careful to 
first ascertain whether or not it is potent in vitamins as claimed and 
secondly how much other material should be used in the formula to 
have any real effects on supplementing other nutritive essentials. 

The vitamin propaganda has obscured the insistent facets in relation 
to the nutritive properties of white bread and no practical advantage 
is obtained by merely introducing a vitamin B concentrate into the 
formula. 
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White bread can however be made a more efficient and basic article 
of the dietary by a more extensive use of milk in the formula and for 
all practical purposes this is sufficient under ordinary conditions of the 
food supply. 

Bread will always remain as it has been from the earliest times the 
most important energy producing food and an economical source of 
protein when effectively supplemented. 





Homogenization Applied to Baking 


By A. W. LANDSTROM 
American Institute of Baking. 


About a year ago a lively interest was developed in what seemed a 
revolutionary method of mixing dough ingredients homogenization. 
‘‘Bakers Weekly’’ published the results of experiments performed in 
the laboratory using ‘‘emulsified’’ or ‘‘homogenized’’ ingredients. In 
the present paper I will deseribe experiments made here at the Insti- 
tute during a study of this process and discuss some of the results ob- 
tained. Complete data regarding these experiments has been published 
in Baking Technology for December 1922 and January and February 
1923. 

Although the process of homogenization is not new, having been in 
use in the dairy industry for a number of years, its application to bak- 
ing is recent, dating back to the small seale experiments mentioned. Since 
that time several commercial installations have been made but I have 
been unable to obtain accurate data regarding them. 

Homogenization is an attempt at obtaining a more uniform admix- 
ture of the shortening used in a dough throughout its mass. 

Any method which results in the thorough mixing of the ingredi- 
ents of a dough bateh should be an important factor in the production 
of better bread. Homogenization of the shortening, malt extract, sugar, 
milk, and water produces a highly uniform mixture which ought pro- 
ably to have the effect not only of producing better bread, but in addi- 
tion, of influencing favorably the prevention of losses due to evapora- 
tion of water and other volatile substances from the bread. The uniform 
distribution of fatty compounds such as shortening in the dough, is prob- 
ably a iactor in this problem. 

The materisls which are homogenized are the milk powder or con- 
densed milk, sugar, malt extract, shortening and part of the water re- 
quired by the ‘*‘Baker’s Weekly’’—April 8, 1922. P. 58., formula in 
use. These ingredients are put into a mixing or agitating tank, heat- 
ed to a point where the shortening used is liquid and then pumped to 
the homogenizer. Several different types of machines are available for 
this purpose, differing in design, but all accomplishing the same pur- 
pose, namely the breaking up of the shortening or fat into minute par- 
ticles and distributing these uniformly throughout the aqueous liquid of 
the dough batch. In our work we used a machine which emulsified these 
ingredients by foreing them through a series of small grooves or slots un- 
der a pressure of about 1800 pds. to the square inch. 

The mixture produced by the ‘‘homogenizer’’ has been popularly 
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referred to as an emulsion. As a matter of fact it is a true emulsion at 
ordinary temperatures only in cases where the shortening used is itself 
« liquid under these conditions, since by definition an emulsion consists 
of one liquid dispersed or finely divided and uniformly distributed 
throughout another liquid. A true emulsion would be produced say if an 
oil such as cotten seed oil were used. When a shortening solid at ordi- 
nary temperatures is used, a suspension results a the finely divided par- 
ticles of shortening are in reality in a solid state. Whether there ex- 
ists a real difference detectable by practical observations between sus- 
pensions and true emulsions of shortening and other baking materials 
is a matter for further study. Sinee the shortening used in this study 
was solid at room temperature we are in the present discussion dealing 
with suspensions and not emulsions. 

Various claims have been made for the process and in the previous 
work referred to from which we quote directly we find that the results 
of these early experiments showed: 

1. ‘‘That from 1 to 2 per cent greater absorption 
was obtained with the emulsion dough.’’ 


2. ‘*That the dough in which emulsion was used, 
as a rule, developed greater volume in the same 
period of time.’ 


3. ‘That the dough containing the emulsion as a 
rule, came to a greater volume in the oven, it 
produced bread having somewhat better syme- 
try. better eolor of crust, better grain, texture, 
color of crumb and keeping quality.”’ 


4. ‘*‘____and from the work earried on so far we 
have observed that the emulsion loaf carries 
from 1 to 1144 pereent more moisture.’ 

In our wrok we attempted to determine how many of the above ob- 
servations would be confirmed under practical conditions. Our experi- 
ments have been made in three sets under conditions as closely controll- 
ed as was possible in a bake shop. These conditions varied somewhat be- 
tween the different sets of experiments but were practically constant in 
any one series. We first studied the application of this process in our 
school shop varying the absorption of the doughs, keeping rather com- 
plete sets of data. This was in the nature of preliminary work and was 
intended to show any outstanding features of the process which might 
serve as a basis for further work. One of these features which seemed 
worthy of further study was the apparent tendeney of ‘‘homogenized’”’ 
bread to lose less weight on storage than bread made in the usual fash- 
ion. This further work seemed to confirm our preliminary observations. 
Up to this point we had been using the equipment of the School of Bak- 
ing of the Institute. Mixing had been done in a medium speed machine. 
We had expected that homogenization of ingredients followed by mixing 
in a slow or medium speed machine would give a more uniform dough 
and better bread than ‘slow or medium mixing alone. The results of our 
first two sets of experiments indicated that this was the case. Whether 
or not the application of homognization to high speed eonditions would 
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result in a marked improvement was rather difficult to predict because 
of the well known efficiency of this type of machine. Our third series of 
experiments was therefore made in a large representative commercial 
bakery. In this work the sponge and dough method of bread making was 
used to accommodate the shop schedule, while in our previous work at the 
Institute straight doughs were used. The result of this latter work al- 
though not strietly comparable with the early work we believe to be rep- 
resentative and to give a fairly aceurate indication of the effect of hom- 
ogenization in a high grade commercial shop using the sponge and dough 
method and high speed mixing. f 


Preliminary Experiments. 


Three sets of experiments were made using 150 pounds of flour 
and three different absorptions; the normal as determined in the usual 
way, the normal plus 2.5 pereent and 5.0 percent water respectively. 
Doughs were run using homogenized materials and checked by control 
doughs run under conditions as nearly alike as could be obtained in prac- 
tice. The formula used is in the case of the normal absorption doughs 
practically the same as an all milk formula. Expressed in percent it is as 
follows: 


Flour __--_- Mother Hubbard _____- 100 
UORE oe ee ee ee 2 
ee eet ef a ee ee 10 
ae Trae a ee es 3. 
Re any Meee Oy ae 61.0 
a a . Rea 2. 
Whole Milk Powder .............. 7.9 
Malt’ Extract (Diamalt) ~....-_---- ‘. 
Yeast Food (Arkady) ............. 25 


One-fourth of the water necessary for a complete formula was put 
into the agitating tank of the homogenizer with the milk powder, malt ex- 
tract, and sugar and agitated until a homogenious mixture resulted, 
meanwhile bringing the teniperature to about 1000 F. The shortening was 
added and agitation continued until this had melted. The mixture was 
then run through the homogenizer at a pressure of 1800 - 2000 pounds 
per square inch, cooled and stored for use next morning. 

Emulsions were made by the following procedure. All materials were 
analysed for. moisture and this determination was also made upon the 
doughs and the resulting bread. The following observations and data 
were kept. 

Absorption 

Pereent H,O Dough ‘‘out of mixer.’’ 

Fermentation Room conditions Temp. average. 
Fermentation Room conditions Humidity average 
Temp. dough out of mixer. 

Temp. dough average during fermentation period. 
Fermentation loss per cent. 

Fermentation period minutes. 

Average H,O content of dough to bench. 

Temp. Shop. 

Humidity shop. 
Temperature Proof Box, Average. 
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Time of Proof, minutes. 

Temperature of Oven. 

Time of baking, minutes. 

Oven loss, per cent. 

One hour loss, per cent. 

24 hour loss, per cent. 

Number of loaves. 

Avg. weight of loaves, 1 hr. old Ib. 
Avg. H,O content of bread 1 hr. old. 
Avg. volume of loaves in ¢.¢. 

Avg. volume, ¢. ¢. per tb of bread 1 hr. old. 
Retention factor, per cent. 
Caleulated retention factor, per cent. 
Ib of bread per 196tb bbl. of flour. 

Bread was scored by two members of the Institute staff using the 
Institute score card. The results of the first series of experiments in 
general confirmed the statements of earlier workers that the absorption 
of a flour is increased by the use of emulsified ingredients. The result- 
ing increased yield was however, variable although quite clearly in favor 
of homogenized bread. -A rather paradoxical condition was encountered 
in that throughout the doughs made with homogenized ingredients seemed 
more slack out of the mixer than the control doughs, but tightened up dur- 
ing fermentation to the same consistency as the controls and further yielded 
greater weight of bread per barrel of flour. This is after all, only a log- 
ical result if we consider that the finely divided particles of shortening 
uniformly distributed throughout the water can readily come in contact 
with granules of flour and so prevent the immediate contact of these with 
water, whereas in the control doughs, mixed in the ordinary manner, the 
flour is given about 24 of the mixing period in contact with water or 
water soluble substances alone. 

Slight variations in yeast strength and temperatures of doughs made 
it impossible to draw any conclusions as to the effect of homogenization 
on the time of fermentation. It seemed however that this factor was little 
affected. The difference between the fermentation losses on doughs in which 
homogenized materials were used and those prepard in the usual manner 
were so slight that again nothing definite was indicated. 

The data collected show definitely that homogenization decreases bak- 
ing losses, i. e. losses of water and other volatile substances in the oven 
due no doubt to the fineness of division of the particles of shortening and 
their resulting more uniform distribution in the dough. The yields of 
bread weighed one hour out of the oven were correspondingly increased. 
This decreased oven loss and inereased yield was most evident at the nor- 
mal absorption of the flour, a difference of ten pounds being noted here 
while in doughs containing 2.5 and 5 per cent more water than the nor- 
mal, this difference dropped to one and three pounds respectively. It 
is significent that the difference between the retention factor determined 
experimentally on ‘‘homogenized’’ doughs and that caleulated on the as- 
sumption that all water added above the normal absorption of the flour 
should bake out is very nearly constant on the three sets of experiments 
performed, while for ‘‘non homogenized’’ doughs this varies. This is a 
possible indication that as far as yields are concerned homogenization tends 
toward ‘producing more uniform and reproducible results. These experi- 
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ments showed further that homogenization produces bread which scores 
higher, the chief difference found being in the better grain and texture of 
the loaf. 

The volume of ‘‘homogenized’’ bread in general showed an in- 
creas over that made by the usual procedure, and a better break and 
shred, giving a loaf somewhat more attractive in external appearance. 
The color of the crumb was in general, better. No inerease in flavor 
or taste was observed although during mixing those doughs containing 
homoegnized materials smelled more strongly of malt than the control 
doughs. It was difficult to determine any increased keeping quality of 
the bread sinee bread baked from the control doughs was exeellent in 
this respect. Possibly with a formula containing smaller amounts of whole 
milk the effect on keeping quality of the finely divided fat of the emul- 
sion would have been more pronounced. A preliminary study was made 
to determine weight losses of wrapped bread both from homogenized 
and control doughs. The results obtained were not considered repre- 
sentative and this work was made the basis of another series of experi- 
ments. 

Moisture determinations on finished loaves did not agree with the 
data obtained on yields. Since it is very difficult to pick two represen- 
tative loaves from a batch of about 230 baked in a 250 loaf oven we be- 
lieve that these moisture data should be given relatively less weight than 
the data on yields. 

A second series of experiments was made with the though of study- 
ing under like conditions weight losses of bread made in the usual man- 
ner and with homogenized materials. The formula was changed slightly 
from that used in the first series in that skimmed milk powder was sub- 
stituted for whole milk powder and another flour was used. The normal 
absorption and the normal plus 5% water were studied. Weight losses 
of bread both wrapped and unwrapped were investigated. The following 
data were recorded : 

Absorption, per cent. 

Temp. of dough, deg. Fahr. 

Ferm. period, minutes. 

Baking period, minutes. 

Oven temp., average. 

One hour loss, per cent. 

Storage conditions, temp. 

Storage conditions, humidity. 

Wrapped bread, loss for 23 hsr. after Ist hr. 
Unwrapped bread, loss for 23 hrs. after Ist hr. 
Storage conditions, average temp. 

Storage conditions, average humidity. 
Wrapped bread, total loss 24 hrs. from oven. 
Unwrapped bread, total loss 24 hrs. from oven. 

Materials were analyzed as previously. 

The paper used for wrapping bread was of the shiny, self-sealing 
variety, unprinted. The average weight of one square foot was found to 
be 0.129 oz. with the setting of the wrapping machine employed the 
size of the sheet of paper used per loaf was 1.774 square feet. Upon 
analysis it was found that 24.63 per cent of the weight of this paper was 
wax (ether soluble material.) 
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The preliminary experiments already discussed had indicated that 
homogenization materially cut weight losses over storage periods of one 
and twenty four hours. These later experiments strikingly confirmed 
these observations. The homogenized bread showed a loss in weight the 
first hour out of the oven of about one per cent less than the control, in 
the ease of both the normal and the normal plus 5% doughs. An inter- 
esting tendency was noticed, namely that it appears as if the protective 
effect of homogenization upon weight losses is greater during the early 
stages of storage. In fact it is of such a magnitude that in spite of the 
greater loss which a storage period of 23 hrs. after the first hour shows 
for ‘‘homogenized’’ bread as compared with the control the total losses 
for 24 hrs. are less in the case of the former. An interesting observation 
might be made here regarding one of the advantages to the baker of wrap- 
ping bread, the unwrapped bread losing for the 23 hrs. after the first hour 
about 4% more in weight than that wrapped. 

The work thus far discussed was done under medium speed condi- 
tions. The results seemed to us to warrant trial of the process in a shop 
where high speed mixers were used and this was accordingly done. It was 
necessary to use the formula and procedure of the shop so that the data 
obtained on. this work are not strictly comparable with those previously 
discussed. However they seemed of enough importance and representative 
enough to warrant publication. The formula used for these experiments 
contained 6% sweetened condensed milk and 2.4% lard. The absorption 
of the sponge was 60 9% and the dough 62%. Bread was baked in a Bak- 
er Perkins travelling gas fired oven equipped with eight thermo-couples 
for recording temperatures. It was impractical to study total yields be- 
cause of the size of the batches used, 500Ib of flour being used for each 
dough; instead we chose to study the effeet upon absorption as shown by 


‘the moisture of the bread produced. This was entirely feasible since the 


construction of the oven and the accurate temperature control possible 
made control of the baking times simple. Sponges were set in the conven- 
tional fashion and homogenized ‘ingredients added at the dough stage. 
The following data were observed: 

1. Absorption, per cent. 

2. Temp. dough, deg. F. 


3. Moisture per cent. Dough out of mixer 
4. Time of baking, minutes. 

5. Temp. of oven, (Average) deg. F. 

6. Oven loss (per cent of dough to pan.) 
7. Storage temp., deg. F. 


8. Storage Humidity. per cent 

9. One hour loss, (per cent of bread one hour old.) 

10. Av. moisture, bread one hour old. 

11. Volume of loaf ¢. ¢. 

12. Volume of loaf e¢. ¢. per pound of bread one hour old. 

3read was scored as usual by two members of the Institute staff. An 

inspection of the data obtained ‘showed that no great differences due to 
homogenization when used in conjunction with high speed mixing were 
obtained. in oven losses or weight losses on storage of bread for one hour 
after baking. Homogenization however, appears to produce bread which 
scores higher under these conditions, both the external and internal scores 
being improved by the application of this process. The average ‘‘hom- 
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ogenized’’ total score was 9214 as opposed to 8714 obtained bu usual prac- 
tice. 

It does not appear from our data that under these conditions the 
moisture content of the baked loaf (one hour old) is much affected by 
homogenization as the homogenized loaves showed an average moisture 
content of 36.87% as opposed to 36.80% obtained from loaves where or- 
dinary mixing procedure had been followed. These moisture data we con- 
sider representative, as the oven temperatures were closely controlled, so 
that the baking periods differed on an average by only one-half mixture. 
Further, the arrangement of burners and the construction of the oven was 
such as to insure an even distribution of heat. While the above ‘‘Oven 
Losses’’ are not strictly losses due to baking alone, since loaves were 
weighed as taken from the moulder, we believe they are representative and 
comparable since the loaves were treated similarly from this point in the 
process. The loss in weight due to proofing in an atmosphere so highly 
charged with moisture as is that found in a modern ‘‘steam box’’ would 
be negligible when compared with the loss due to baking. 

To sum up—it appears that under slow or medium speed conditions 
the application of homogenization to bread baking not only produces a 
Joaf which seores higher, but further appears to favorably affect the yield 
of bread obtained. It also seems to reduce weight losses of baked bread, 
especially is this true for the first hour of storage. In the case of high 
speed mixing yields seem not to be affected. In all of this we have not 
considered the questions of convenience or cleanliness. In a bread shop 
large enough to warrant the homogenization of considerable quantities 
of materials, the time and labor saved in the dough room is an important 
item. In a plant of this size one batch sufficient for the entire day’s run 
could be weighed out, homogenized and withdrawn easily and cleanly as 
needed, eliminating the tedious weighing of individual batches of material 
with its attendant ‘‘invisible loss’’ and inconvenience. 


oe 





Building the Quality Loaf 


By O. W. HALL 
American Institute of Baking. 


The first thing to do when you decide to build is to draw a plan and 
then select a site.’ In drawing up the plan it is a good thing to get the 
opinion of everyone who is interested in the building. 

When we decided to build a quality loaf we knew that all the bakers 
in the country would be very much interested in the result and so might 
like to help in drawing plans. With this end in view we sent out question- 
aires to bakers in all parts of the country asking them what their idea was 
of the height of perfection in a loaf of bread. 

We received answers from more than 100 bakers and from these an- 
swers we proceeded to draw our plans. After we had the plans we looked 

for a site on which to build. There was only one site available. This site 
was the bake shops of America. On going out to view it we found that 
our site had already been occupied. 

Somebody had built a loaf of bread upon it already. Instead of de- 
stroying the building that we found there we deeided to remodel it. About 
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the first of last December we commenced active operation in remodeling. 
We adopted a systematie plan of bread scoring, under which bakers send 
sample loaves to their bread to the service department regularly to be 
scored and eriticised, and to receive suggestions for their improvement. 
The bakers are supplied with special labels, baked on the bottom of the 
loaves, so as to insure getting the regular run of bread and not selected 
loaves. Up to the present time we have supplied about ninety bakers with 
cartons and labels to be used. in sending in their bread samples. 

These bakers are located in all parts of the United States, and we 
have one in Halifax, N. S. The sample loaves are sent in at intervals vary- 
ing from every day to once a month. 

I am going to tell you a few things that seem to be common practices 
among bakers, and that are responsible for most of the poor quality bread 
that is being sold. To start at the beginning of a loaf of bread we find 
that some bakers experience considerable difficulty in selecting their 
flour. How with so many cereal chemists supervising the milling of so 
many high grade of flour, it ought not to be hard for every baker to get 
a flour that exactly suits his needs. 

One of the most common faults I find with the average baker’s se- 
lection of flours is that he selects too many of them, and then does some- 
thing that he calls blending. This consists of putting two or more flours 
into a mixer and running the machine a few minutes before adding wate1 
and other ingredients. I have also known the so-called blending to be 
done by putting the water and other ingredients into the mixer first, start- 
ing the machine, and then dumping the various kinds of flour in sep- 
arately. 

I should say that in this case the water, salt, sugar, yeast, and any- 
thing else used besides flour, would be well blended, but I have seen 
bread made this way that had a different kind of grain and color for each 
flour used, ineluding the dusting flour. 

There was one baker who sent in some loaves asking for help to elim- 
inate a bad streak through the crumb. After examining the bread I asked 
him to send me samples of the flour he was using. In due time I received 
four samples of flour from him with information as to the way he was 
blending them. 

I found that three of these flours were so nearly alike that they could 
be put together in any proportions and a good loaf could be made with 
them. The fourth one, however, was very much darker in color and also 
so musty that the gluten was nearly destroyed. 

I see no objection to the blending of flours if a baker is equipped 
to do it properly and knows how to select the right flours to blend, but 
if he is not so equipped he will do much better to use one flour at a time. 

The amount of water or the absorption to be used in making up 
doughs is another source of trouble to a great many bakers. The major- 
ity of flours on the market at the present time require 59 or 60 per cent 
water to make a dough of the proper consistency but I know of bakers 
who are using these flours with 51 and 52 per cent of water. The result 
is a very tight dough that ferments slowly, does not handle well, and 
makes a poorly formed loaf. The grain is coarse and uneven, with thick 
cell walls and a harsh texture. 

On the other hand there are some bakers who use these same flours 
and put in as high as 65 per cent of water. Now I am not referring to 
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the larger shops with high speed mixers and other equipment for handling 
very soft dough, but rather to the small baker who has a slow-speed mix- 
er and does not use any of the products intended to increase absorption. 

The main idea in using so much water is of course, to get more loaves 
per barrel of flour, and these bakers think they are really doing it. I be- 
lieve that if they would keep an accurate record of the amount of dusting 
flour used they would find that their bread is not quite so good as they 
final absorption is just about normal, while the number of loaves obtain- 
ed is about what would be expected from the total amount of flour used. 

Besides kidding themselves about their vield such bakers generally 
find that their bread is not quite so good as they would like to make. Dread 
made in this way has hard lumps of raw flour, scattered through the 
crumb. There are also dark streaks of dusting flour which will show you 
just exactly how the loaf was moulded. 

These faults are also accompanied by a flavor of raw, unfermented 
flour. 

There is one other bread ingredient that I am going to mention, and 
that is yeast food. There is no doubt about the beneficial effects of yeast 
foods if they are properly used, and I don’t suppose any baker ever 
bought any of these products without being told how to use them. Still 
there are plenty of bakers using yeast foods together with the usual 
amount of yeast, mixing their doughs at temperatures anywhere from 80 
to 84°, and allowing from two to three hours for the first punch and 
giving two or three more punches with corresponding times for each. 
The result is, of course, a very old dough, and bread that crumbles upon 
the slightest touch. 

There are also some bakers who miss the idea of yeast foods so far 
as to run long time sponges with a comparatively large amount of yeast 
and then put their yeast food in the dough after the fermentation is 
practically finished. I have been told by bakers who do this that the ob- 
ject of the yeast food in the dough is to get a good oven spring. If they 
would put it in the sponge it would help their fermentation and still be 
present to give a good oven spring. 

The two factors that are probably responsible for the greater part 
of the poor bread are time and temperature. There are many bakeries 
that have absolutely no temperature control. The temperature of their 
doughs varies from 75° to 85° and are punched, and taken on a set time 
schedule. The result of this practice is as many different qualities of 
bread as there are different temperatures, and most of these qualities 
are poor, 

Probably the most common fault in the matter of temperature is 
mixing doughs too warm. There is a certain coarse grain and dark color 
which nearly always results from a warm dough. There is one baker who 
sends in bread regularly that had combination of grain and color. I told 
him that he ought to mix his doughs cooler. He replied that he had been 
mixing at 82° but had changed o 80°. His bread still seemed to be made 
from a warm dough as I asked him to send his thermometer in to be 
checked up. He did so. Mr. Landstrom, of our staff, found that it was 
several degrees off, and told him how to apply the necessary corrections. 

In less than a week after this I received a letter from the baker in 
which he said that his bread was much better. When I reeeived his next 
sample of bread, however, I found that he had made no change in his 
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time after reducing his temperature, and that his dough was young. 

It is very common to find bakers who do not properly divide their 
time. For instance, I had a formula a few days ago from a baker in one 
of the Southern states. His formula was well balanced and contained 
yeast food, but he was allowing his dough three hours for the first punch 
and 30 minutes for the second and sending it down in 15 minutes. This 
division of time would be almost certain to result in a very old or a very 
young dough, because if the dough required three hours for the first 
punch the remaining time was not nearly enough. On the other hand 
three hours was too long for the first punch, it was too old then and 
would be too old all the way. 

In this case the answer was very clean,—the bread showed plainly 
that the dough was too old. Other bakers will give the dough the first 
puneh in one hour and then allow two or three hours for the second. 
There should be some definite relation between the times of the various 
punches. One system is to allow 60 per cent of the total time for the 
punch, 28 per cent for the second, and 12 per cent for the third. 

Another rule, which is practically the same thing, is to allow the 
second punch one-half the time of the first, and the third a half the time 
of the second. Both these rules give good results except when yeast food 
is used, and then the punches must be governed by the condition of the 
dough. 

There are two things that I would like to impress upon every baker, 
One is that he ought to have some kind of twenty-four inch guage, by 
which to properly divide his time and the other is that the principal 
working tool of a baker is the thermometer. 





Checking Protein Results 


By M. R. WARREN 
Quaker Oats Company, Cedar Rapids, Iowa. 


The subject of proteins has been taken up from all angles so thor- 
oughly that apparently to some the method is so well defined or deseribed 
that all one has to do is to take a sample at hand, weigh it up, put it in 
a flask, digest and distill it, then titrate and read the result. In faet that 
is what is done but there are certain rules or laws which have been proven 
without doubt in the past years to be very important and cannot be dis- 
regarded for any reason if an accurate result is to be obtained. 

Our attention was called to this subject more especially because it 
was our duty to eheck up our shippers when the product was bought on 
a guaranteed analysis. In doing this work we found that we were check- 
ing very closely with some laboratories, but not so with others. There 
wasn’t any question but that someone was not getting correct results and 
we wanted to know whether or not we were the ones. So in November 
of last year we sclected two samples of wheat, one of which was repre- 
sentative of the southwest and one of the northwest. We selected sam- 
ples which seemed to be very uniform in color and size of berry. Of these 
two samples, about two bushels, were cleaned and placed into large tin 
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cans with tight fitting covers, which in turn put in the laboratory. 

It is our good fortune to have four laboratories of our own which 
at regular intervals exchange samples for analysis. We also have an 
outside laboratory which receives duplicates of all of these samples and 
is the referee in case of any difference. It was our plan to send to each 
of these laboratories at the same time a sample of the two wheats, this to 
be repeated every week or so, but each time the sample should be sent 
with a different number so that the other chemists might not suspect they 
were getting a duplicate of a sample they had received before. With this 
system worked out we started sending out the samples on November 28, 
1922. This was continued until May 15, 1923 with the result that fifteen 
samples of one were sent out and fourteen of the other to each laboratory. 
All of the five laboratories were using the same method, except that the 
referee laboratory was using 1 hour longer digestion. The method used is 
as follows: 

Weigh out 1 gram of sample which has been ground so 
it will go through a 1 mm round hole sieve into 500 ¢. e 
(or whatever size flask ordinarily used) Kjeldahl flask, 
and add 6.5 gr. Sodium or Potassium Sulphate (weighed 
roughly,).7 grams of mereurie oxide (weighed roughly,) 
or its equivalent of Metallic Mereury and 25 e. «. 
of Sulphurie Acid C. P., and digest for two hours, turn- 
ing the flame so that the solution clears in about 30 min- 
utes. However, do not turn the heat off until the samples 
have digested for 2 hours. At the end of this time, turn 
heat off and cool. Add roughly 250 e. ¢. of water, some 
Metallie Zine, 25 ¢. ¢. Sodium Sulphide solution (40 gr. 
per litre) and enough Sodium Hydroxide solution to make 
Alkaline connect and shake. Distill until the flasks begin 
to bump, or about 45 minutes to 1 hour. 

This method is practically the same as the one worked out by A. E. 
Paul and E. H. Berry in 1921, and which can be found along with the 
report of their work in the August 15, 1921 issue of the Journal of the 
A. O. A. C. Their method did not specifically state some of the amounts 
of chemicals which were to be used, but we thought best that every de- 
tail should be the same. It was, and is not our aim at present to go be- 
yond the bounds of the official method but rather work in definite de- 
tails in their general method. Below will be seen the results of these 
laboratories which we saw fit to letter A, B, C, D, and E. 


Sample ‘‘A”’ 
LABORATORIES 


Date A B C D E 
TINUE «scien: ciieaiattnieb tig diietied eco 14.15 13.80 14.00 14.21 
IEE» se. citndiccarca lem aiciandanseaisaaeeioo 14.05 13.90 14.20 14.20 

PH aitiahnnnattdandiabundaeaie 14.00 14.10 14.05 14.13 

a paren Sree One 14.00 14.00 14.20 14.15 

IN widtniccanaihetistalipatewaeibibe 14.00 14.20 13.80 14.05 

MOEE: | ~cecndashsinethusbinussiebaonalelee 14.00 14.00 13.85 14.05 

8 A CCN ee ae ee 14.00 14.20 14.10 14.13 

Se Ee ee eee cD 14.13 14.10 13.90 14.05 14.09 
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hin evlandinnitnciabniipdbinasabaialis ' 14.10 14.05 13.89 
BOE * etiawkeinn senile 14.00 14.00 14.05 14.13 13.73 
Be akan cnbeeheleaaualaninte 13.95 14.00 14.00 14.05 14.09 
OP “uincdinnentionataininelia 14.00 14.00 13.90 14.02 13.85 
DEE | ccs ns demesne 14.00 14.00 13.90 14.05 
DP acintedthennatidiniiatednigts 14.00 13.95 14.05 
DE  witiamunieaiaia 13.90 14.00 14.15 14.01 
WE weidbwabincicgnamiieitees 14.00 14.00 


Sample ‘‘B”’ 
LABORATORIES 


Date A B C D E 
I hao it a ee 13.05 12.90 13.05 13.10 
Be Ona: eee 12.95 13.10 12.90 13.18 
BE iiinidnncinadides ciel 12.95 13.10 13.20 13.18 
» ean rome eee? ee 12.90 13.00 12.70 13.11 
me 33s sos nce 12.86 12.9¢ 13.05 13.02 
, | eer Rone eC ae 12.86 13.10 12.85 13.00 
BD ed catia ee 12.95 13.00 12.90 13.00 12.98 
ee et Oe sek ame 12.95 13.00 13.10 12.99 
Se ee ed soe ee 12.80 12.80 12.65 12.70 12.86 
BPE oi siioo a cece 13.00 12.90 12.95 13.00 13.02 
S| ee ee ere, eee eS Ce 12.90 13.00 13.00 13.05 12.98 
WD 358 ee A ee ee 13.00 13.00 13.00 12.90 
| eee UR Sis 13.00 12.95 13.00 
Sree Rene ime 12.95 13.00 13.10 12.94 
[| | ee ane See Yipee ee ane 13.00 12.90 
BN cd a a ee 14.01 14.02 13.99 14.10 13.96 
a OR Le) BEN Le 14.15 14.20 14.20 14.21 14.09 
a i eee 13.90 13.80 13.80 14.02 13.73 
WE Si nidante othe Chet cae see 12.94 12.97 12.95 13.04 12.95 
) EE PEN cy ee EC FOE Ye 13.05 13.10 13.10 13.18 13.02 
, ee eee Se 12.86 12.80 12.65 13.00 12.86 
ee Ce RE ane 19 30 45 18 16 


It must be remembered that none of the laboratories except ‘‘A”’ 
knew the samples were from the same lot of wheat. ‘‘A’’ happening to be 
our laboratory,, of course, could not very well be kept from knowing. The 
average of all determinations made on sample ‘‘ A’’ was 14.02 and on ‘“‘B”’ 
12.97. 54 of the 65 determinations checked within .15 of the average on 
sample ‘‘A’’ and 53 of the 61 on sample ‘‘B,’’ or 83% checked within the 
experimental error on ‘‘A’’; and on sample ‘‘B’’ 86.8% checked. 

Seeing how well we were checking with a single method, we decided 
in March to send out sealed samples to 25 representative laboratories both 
milling and commercial. The instructions accompanying the samples were 
simple; namely, use your own method in running protein and moisture 
but give the method in your report. The results of the work are below 
giving methods, time of digestion and distillation. 


2. 
In this work as usual we use the regular Kjeldahl method with 1 gram 
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of sample, 15 cubie centimeters of Sulphurie Acid, .7 grams of Mercury, 
a little Permanganate of Potash with Concentrated Soda and Sodium Sul- 
phide as required. 

We collect the distillate in a decinormal Sulphuric Acid solution, 
using Cochineal as indicated. The time required for digestion is approx- 
imately 35 minutes and for distillation about 40 minutes. For moisture 
we dry in an electric oven from five hours to over-night, depending on 
conditions. The temperature of the oven is approximately about that of 
boiling water. <t 

We grind the samples for our determinations in a small hand-mill like 
a coffee mill. For the protein we have it fine enough to get a uniform 
sample of the product. For the moisture determination we do not grind 
so hard as there is danger of losing moisture. 


2. 
Method Used A. A. C. C. 
Digestion, 55 min. - 60 min. 
Distillation, 25 min. - 30 min. 
Gas used throughout. 
Fineness No. 20 sieve. 
Moisture Electrie oven 103 C. Time 4 hours. 


3. 


We use the Kjedahl-Gunning method for nitrogen using 2 grams 
of the ground sample, 10 gams Potassium Sulphate, 0.5 grams Copper 
Sulphate and 25 ¢. ¢. of Sulphate Acid. The digestions are carried out 
on home-made electric heaters, which are rather slow. It takes about 
40 minutes for the mixture to clear and the digestion is continued for 
an hour after that. After cooling we dilute with 270 ¢. ¢. of water, and 
a fragrant of granulated zine, make alkaline and distil over Gilmer 
Heaters. The distillation is continued until the mixture begins to bump 
which requires about 45 minutes. The tistillate is collected in 50 e¢. ¢. of 
decinormal Sulphurie Acid, standardized against Sodium Carbonate. Dec- 
inormal Sodium Hydrate is used for titrating the excess of acid the indi- 
eator being Sodium Alizarin Sulphonate. 

We usually grind our Whole Wheat samples by passing once through 
a No. 1 Arcade Flour Mill. The ground sample easily passes through a 30 
G. G. with the exception of a portion of the bran which is not ground suf- 
ficiently fine to pass the sieve. 

We determined the moisture on the unground samples by the Brown- 
Duvel method and on the ground portions by drying in a Freas oven over 
night at a temperature of 103 degrees C. 


4, 


The seal was broken on the cans which might cause a variation in 
moisture, and the moisture was determined on the meal ground to 50 mesh. 
I have found this to cause a difference of over one per cent in moisture 
on grain. However, I presume you want the moisture only for calculat- 
ing the percentage of protein. 

The protein was determined by approved Gunning method. 50 min- 
utes digestion. 30 minutes distillation. Gas used for heating. 
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The moisture was determined in electric oven 105 degrees for five 
hours, on ground samples. 

5. 

The moistures were obtained in the Mojoinner Vacuum Oven in 30 
minutes and checked 75 D. Centigrade. The proteins were determined 
with gas burners. . 

We grind samples fine as flour. 


6. 

We use the mercury and sodium sulphate method in determining pro- 
teins. Samples were ground fine but not pulverized. Time of digestion 
was was one hour; and distillation 25 minutes. Gas heat was used in both 
processes. Moisture was determined by Freas vacuum oven on a ground, 
five gram sample; dried to its maximum moisture content. Air drying 
would be approximately .7% less than reported above. 


a 

Method used for protein is the approved method of the American 
Association of Cereal Chemists as outlined in the Manual of Methods of 
August, 1922, under PROTEIN (b) Kjeldahl-Gunning. 

The method used for determining moisture is the method of the As- 
sociation of Agricultural Chemists. Vacuum oven at 100 degrees C to 
constant weight, covered aluminum dish. 

Samples for protein were not ground. 

Samples for moisture were ground on a motor-driven coffee mill, to 
about the fineness of graham flour. 

Length of time of digestion, 1 hr. 15 minutes. 

Length of time of distillation, 50 minutes. 

Gilmer Electric heaters were used for heating. 


8. 

The moistures were run in a Freas Electric Oven over night at 102 
degrees C. They were ground just fine enough to crack the berries open. 

The protein was run by the Kjedahl method as given in the approved 
methods, using mercuric oxide as eatalyzer and pumice stone as ebulli- 
tion agent. The wheat was ground to a very fine homogenious meal on 
an Arcade wheat grinder. 

Gilmer Electric heaters were used by both digestion and distillation. 
The total time of digestion was about forty-five minutes, making sure 
that it was heated at least twenty minutes after the solution had cleared. 
The distillation was also continued for forty-five minues. 


9. No report 


10. 
Moisture was determined by drying 5 hours at 105. 
Protein by mereury, sodium sulphate method. 


11. 
Determinations made on finely ground uncleaned samples. 
Moisture determinations made in Freas vacuum oven at 
98 degrees C at 29 inches. 
Protein digestion over gas, 1:15. 
Distillation on electric units, .45 
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12. 

Moisture was run on Brown Duvel Tester as well as in the Freas 
Moisture oven. The latter results on A were .39 higher and on B .34 high- 
er. The samples in the Freas oven was ground. 

Protein digested, 30 minutes. 
Protein distilled, 20 minutes. 
Electricity was used. 


13. 

We use the Kjeldahl-Gunning method. 

Moisture was determined in a Despatch drying oven at 104 degrees C, 
keeping the wheat mix in it for four hours. We ground our sample to a 
floury consistency, the particles would go through a No. 50 sieve. The 
length of the digestion is one hour and 45 minutes; the distillation 40 
minutes. We used gas as a source of heat. 


14. 
Moisture-Freas Hot Air Oven, 5 hours 103° C, 
Moisture Dish-aluminum cup with cover, 2” x 1”. 
Protein. 
Nitrogen x 5. 7. 
Method, Kjeldahl. 
Digestion, 1 34 hours. 
Distillation, 40 minutes. 
Gas used. 
Kjeldahl! flasks, 650 e¢. e. 


15. 
Specifications for Proteins. 
The Meal was very fine. 
Used the Gunning Method (Using Copper Sulphate.) 
50 minutes for digestion. 
Electricity on digestion and distillation. 
Used the Brown-Duvel Moisture Tester on whole wheat 
for moisture results. 


16. No Report. 


17. 

The samples reported herewith were not cleaned. 

The protein was run by the Kjeldahl-Gunning Method, using Copper 
Sulphate in digestion. The moisture was run in an Electric oven without 
vacuum. The samples were ground to about a number twenty powder. The 
protein digestion occupies about thirty minutes and the distillation about 
the same time, using gas for heat. 

18. 

Samples were ground through a coffee mill and were ground fine 
enough to pass through a number 36 wire. 

Moisture determinations were made by The Approved Methods of A. 
Ae SS. 

Protein determinations were made by the Approved Kjedahl-Gunning 
method. 

Digestion was made on electric heaters for one hour. Distillation was 
also made on electric heaters. Time of distillation about forty minutes. 
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19. 

Method used for protein determination : 

One gram of sample ground to pass 20 mesh sieve was weighed into 
500 ¢. e. Kjedahl flasks together with 6.5 grams of sodium sulphate 0.7 
grams of HgO and 25 ¢..e. of C. P. sulphurie acid sp. gr. 1.84. Heat for 
digestion, gas. 

Total time of digestion 2 hours, requiring 30 to 40 minutes to clear up. 

After cooling, 250 ¢. ¢. of tap water was added with a piece of mossy 
zine to prevent bumping. 

25 e. e. of (40 g per litre) a solution sulphide was added and 70 e. e. 
of caustic soda. Time of distillation 50 to 60 minutes. 

Method used for moisture determination. 

Sample of about 4 or 5 grams weighed out and dried in Mojonnier 
vacuum oven for 2 hours. 

20. No report. 


21. 

Samples were finely ground through an Areade Mill. 

Moisture obtained by drying 5 hours in air dry oven at 103 degrees to 
105 degrees C. Sample 10 grams. 

Proteins obtained by digesting 45 minutes in 15 e¢. ¢. sulphurie acid to 
which was added 5 grams sodium sulphate and 14” ecu. wire B. & S. 
guage 20. 

Distillation required 30 minutes into N-10 sulphurie acid. 

Indicator used, sodium alizarin monosulphonate. 

Gas heat used throughout. 

22. 

Protein determinations are made by the Kjedahl-Gunning method, di- 
gested 1 hr. with gas heat, distilled 45 to 60 minutes, samples ground to 
pass No. 20 wire. Moisture determination was made in an electric oven of 
our own econstruction—at 100 degrees C. for 18 hours. 

Protein results are not calculated to 13.5% or other figure hut are 
on samples as received. 

23. 

For both tests the samples were ground to medium fineness in a hand 
coffee mill. We use the official Gunning method, choosing the sodium 
sulphate option. The flasks are heated by gas flames and digestion re- 
quires one and one-half hours. Distillation is done with boiler steam and 
requires 30 minutes. 

Blank determinations are made with all reagents and with cane sugar 
as the charge. The final tiration is accomplished with Congo Red as the 
indicator. 

Moisture determination was made in Freas vacuum oven at 105 de- 
grees C. for 5 hours under vacuum of 28 inches of mercury. 


24. 

All determinations were made on samples which had been ground to 
a floury consistency. 

MOISTURE: Approximate 5 gm. samples were placed in tared alum- 
inum dishes, fitted with close fitting covers. Dried to constant weight at 
i03 degrees C. in a Dekhotinsky triple walled electric drying oven (6 hrs.) 

MOISTURE (VACUUM): Approximate 5 gm. samples were placed 
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in tared aluminum dishes fitted with close fitting covers, dried to constant 
weight at 100 degrees C. in a Mojonnier vacuum oven. (28 inches vacuum 
4% hours. ) 

PROTEIN (N X 5 7); 1.5 gm. samples by Kjedahl-Gunning Meth- 
od. Gas used for heating. Digested 1 hr. after the solution turns straw col- 
ored (approximately 214 hrs.). Distilled 250 e. ¢. in about 45 min. 

Indicator used: Methyl red. 


25. 

Wheat was ground as fine as possible at one grinding through a small 
hand mill. Kjedahl-Gunning method used for protein determination. Gas 
used for heat throughout, Flame turned low for first ten or fifteen min- 
utes then up high enough to clear up liquid in thirty-five to fifty minutes 
more, then left to digest for another five or ten minutes. Sixteen cubie centi- 
meters sulfurie acid used and about twelve grams sodium sulphate with 
about .07 gram piece of copper wire. Nothing used to prevent bumping 
during distillation. Flask was turned often during digestion to keep solid 
particles down in liquid. Duplicates were not run at same time. 

Moisture determination made on 5 to 6 gram ‘‘grab sample’’ heated 
in Sargent hot-air oven equipped with plates in bottom to distribute heat 
evenly. Samples left in oven five hours. 

Duplicates run at same time but set on opposite sides of thermometer. 


Thermometer registered 102 to 104 degrees centigrade. 


RESULTS OF THE PROTEIN ANALYSIS 


COLLABORATOR SAMPLE TIME 

A B Digestion Distillation 
1 13.60 12.40 35 Min. 40 Min. 
3. 13.50 12.56 55-60 Min. 25-30 Min. 
3. 13.88 12.70 100 Min. 45 Min. 
4. 13.64 12.50 50 Min. 30 Min. 
5. 13.50 12.60 “aa Min. we Min. 
6. 13.80 12.80 60 Min. 25 Min. 
7. 13.44 12.28 75 Min. 50 Min. 
8. 13.45 12.48 45 Min. 45 Min. 
9. No Report 
10. 13.80 12.60 ~~ Min. po Min. 
11. 13.56 12.52 75 Min. 45 Min. 
12. 13.50 12.40 30 Min. 40 Min. 
13. 13.80 12.60 105 Min. 40 Min. 
14, 13.58 12.41 105 Min. 40 Min. 
15. 13.63 12.52 50 Min. oa Min. 
16. No Report 
17. 13.88 12.92 30 Min. 30 Min. 
18. 13.48 12.68 60 Min. 40 Min. 
19. 14.00 12.95 120 Min. 50-60 Min. 
20. No Report 
21. 13.60 12.60 45 Min. 30 Min. 
22. 13.70 12.58 60 Min. 45-60 Min. 
23. 13.35 12.23 90 Min. 30 Min. 
24. 13.49 12.56 150 Min. 45 Min. 


13.69 12.81 Min. Min. 
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Average 13.63 12.58 Min. Min. 
Maximum 14.00 12.95 150 Min. 60 Min. 
Minimum = 113.35 12.23 30 Min. 20 Miu. 


RESULTS OF THE MOISTURE DETERMINATIONS 


COLLABORATORS BROWN_DUVEL AIR OVEN VACUUM 
A B A B A B 
1. 9.0 11.6 
2. 11.87 11.8 
3. 8.8 10.8 10.00 11.9 
4. 9.70 11.85 
D. 9.90 12.00 
6 9.60 11.91 
7 10.03 12.30 
8. 9.39 11.83 
9, 
10. 9.69 11.69 
11. 9.73 12.27 
12. 9.6 11.6 9.99 11.94 
13 10.15 12.17 
14: 9.67 11.57 
15. 11.2 11.6 
16. 
17. 9.08 11.12 
18. 10.10 11.85 
19. 9.8 11.2 9.40 11.13 
20. 
21. 10.10 11.65 
A 10.20 12.03 
Z3. 9.98 12.00 
24. 9.84 11.80 10.07 12.11 
23 9.65 11.75 
Average 9.85 11.3 9.88 11.77 9.81 11.69 
Maximum 11.2 11.6 11.87 12.17 10.07 12.30 
Minimum = 8.8 10.8 9.00 11.12 9.40 11.13 
Variation 2.4 8 2.87 1.05 .67 1.17 


It will be seen that on sample ‘‘A’’ there is a variation of .65% and 
on ‘‘B’’ .72% as compared to .48% and .53% in the preceed ing table. We 
ean safely say that there is some variation in method or technique which 
is giving us results which are not as close as could be gotten if these vari- 
ables were eliminated. 

When looking for the trouble our attention is called first to the great 
difference in the time taken up by the digestion, we have a maximum of 
150 minutes and a minimum of 30 minutes, or a difference of two hours. 
Taking the minimum as a basis we find that the variation is equal to 400% 
of the total time. In the distillation we find a 200% variation in time. It 
is safe to conclude from these figures alone that there is something radic- 
ally wrong with someone’s method. Either the man using the shorter time 
is not obtaining all the nitrogen, or else the man using the longer time is 
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losing about 214 hours’ time on each protein analysis. 

We also find variations in methods which will cause serious errors or 
varation. For instance, one analyst did not grind the sample but rather 
chose to take the whole berry, while another ground the sample fine enough 
to pass through a No. 50 mesh wire sieve. Some used copper, others mereury, 
and again some used no eatalyst at all, while another used Potassium Per- 
manganate to complete oxidation after digesting. 

In the distillation we find that the differences in method are not so 
marked, yet there are some which should be mentioned. For instance, one 
used no ebullition agent, one used pumice stone, while the majority used 
zine. 

With all these different variables in mind, it was decided to send out 
a second set of samples marked X and Y, these samples being duplicates 
of the former A and B, but unlike them in that they were ground so that 
they passed through a sieve having holes 1 mm in diameter. With these 
samples the following instructions were sent out: 


Protein Report of Samples of Wheat Marked “X” and “Y” 
Method: 

Weigh out 1 gram of sample into 500 e. ¢. (or whatever 
size flask ordinarily used) Kjeldahl flask, and add 6.5 gr. 
Sodium or Potassium Sulphate (weighed roughly .7 grams 
of Mereurie Oxide (weighed roughly), or its equivalent of 
Metallic Mercury and 25 ¢. ¢. of Sulphurie Acid C. P., and 
digest for two hours, turning the flame so that the so- 
lution clears in about 30 minutes. However, do not turn 
the heat off until the samples have digested for two hours. 
At the end of this time, turn heat off and cool. Add rough- 
ly 25 ¢. ce. of water, some metallie zine, 25 ¢. ¢. of Sodium 
Sulphide solution (40 gr. per litre) and enough Sodium 
Hydroxide solution to make Alkaline connect and shake. 
Distill until the flasks begin to bump, or about 45 min- 
utes to 1 hour. 

Some report that it was necessary to make some changes in method 
and some others made comments on results obtained. They are listed by 
number below: 

No. 3. 

Potassium Sulphide used instead of Sodium. 

This method gives results slightly higher (about .2%.) 
This method gives results slightly higher (about .2%) 
than does our regular method using Copper Sulphate as a 
catalvst. 

No. 11. 

These results are .34% higher than those obtained by our 
regular method. 

No. 24. 

Report a .07 and .08 higher result on this method than ob- 
tained by the Kjeldahl method. 

From these two samples we got the following results. It will be 
stated that the same analyst was given the same number in each set of sam- 
ples. However, three more laboratories were added, while a few of the 
first did not care to collaborate the second time. 
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PROTEIN MOISTURE 

x Y x ¥ 

Ce Te aR ee eno 13.60 12.80 9.00 10.10 
- Ee Lee BEE ee 13.65 12.69 
Oe ee eRe eee Set eon 13.94 12.98 

, SP Ra AAO ee eS 13.75 12.80 8.75 9.75 
ii GN re heals, ll le ern 13.60 12.60 

— SE se ey a ee ey od 13.90 12.80 9.70 11.00 
cli RS a eee ae ieee 13.50 12.48 
sti sige ue bcc eee 13.65 12.60 
1) See ee tee cede: Neh tet, erie ees 13.90 12.80 
| RE eae? ees POT Re ECR AS fe Wee, 3.84 12.76 

ey es Poi de cea a eee 14.02 13.01 8.94 10.37 

| TESS ee eee Te ee 13.88 12.96 9.75 10.65 
OU Sada Se he he lo 13.80 12.76 
eps re ek ml lia ce ee ee 14.00 13.00 
Pea eee Se 13.90 12.80 

Os aiid atime nk tes aceon 13.80 12.35 9.16 10.65 
| Seer eee Ie Nee ae See 7 3.86 12.85 
2: | An el teen? Se STONE RENE Rc 14.00 13.00 
SRE eee eum er ee 13.95 13.00 
3 ag OE el aE OE eee ee ee | 14.05 12.90 

TI ire i i a is 13.82 12.78 2 

| LE NERS rey eee an 14.05 13.01 
Py ETRE EO AA Le 13.50 12.35 
| REE ORE Nee eae pe 5D 56 


In tabulating these results we find that the variation has been cut 
from .65% to .55% on A to X and from .72 to 56 on B to X, or about 
15% and 22% respeetively. It will also be noticed that the average of the 
results on each sample has been raised .2% of one per cent or an inerease 
in total protein of 1.4% on AX and 1.5% on BY. From these two com- 
parisons we ean see that by a longer uniform method we both decrease 
our error by not less than 15%, and increase our nitrogen found by at 
least 1.4% of total. 

Taking the two tables again we find that if we allow .25 for a check, 
or approximately 14 of the variation, we find that on A we have six an- 
alysts checking the maximum and twelve the minimum; while on X we 
have fourteen checking the maximum and six the minimum. On B we find 
five checking the maximum and six the minimum; while on Y fifteen 
check the maximum and four the minimum. The results are more con- 
sistent and are higher on the X and Y samples. It has been said the an- 
alyst reporting the higher result on a protein test is more likely to be 
right, barring the errors of weight and incorrect solutions. This state- 
ment is backed up by the fact that it is very much easier to either lose 
a little ammonia, or break down the last few tenths of a per cent of it in 
the sample than to gain nitrogen due to absorption of free ammonia or 
by contamination. These last errors are likely to be large and irregular, 
while the former are more consistent. 

We find that on A and B the high results were 14 and 12.95 respect- 
ively, and that on the second analysis we have not increased our maxi- 
mums on X and Y to any extent, they being 14.05 and 13.01; while the 
minimums on A and B, 13.35 and 12.23, were raised on X and Y to 13.50 
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and 12.35. This indicates that the maximum had practically been reach- 
ed by some in the first analysis and that by using a uniform long period, 
that the analysts reporting the lower results the first time had raised 
their results on the seeond analysis. In not a single instance was a lower 
result reported on the second lot of samples than on the first, but in each 
case either one or both results were higher on the X and Y samples than 
on A and B. 

While there is nothing in the A and B or X and Y comparisons be- 
tween copper and mercury as catalysts, yet we find that in the checking 
of the five laboratories, there is not much question as to the effectiveness 
of the mercury. If we refer again to the work of Paul and Berry we find 
under their table No. 19 that using Mercurie Oxide they obtained their 
maximum results when digesting one hour after clear on a sample of 
flour, while it took three hours after clear to get maximum results using 
copper sulphate. In their results they consistently get maximum results 
sooner with mercury than with copper. 

It is the object of each and every chemist to get out the most work in 
the least amount of time possible, but not to sacrifice accuracy in obtain- 
ing results. Bearing these two subjects in mind—speed and accuracy—our 
work leads us to the following conclusions: 

First.—The sample should be properly prepared, that is, should be 
ground fine enough that a uniform sample can be gotten. A 1 mm round 
hole sieve is suggested as it is now the official sieve for feed ingredients. 

Second.—The method giving us the maximum results in the shortest 
time has been proven by Paul and Berry to be the one using mercury as 
a catalyst. 

Third.—It is essential that the details of the method be written in 
and followed closely by each and every chemist. By this, we refer to 
amounts of chemicals and time of operation. To enumerate we would say 
that the amounts of the following should be specified: 


A Sample Preparation. 
Sulphurie Acid. 
Sodium or Potassium Sulphate. 
Mercurie Oxide or Metallic Mereury. 
Sodium Sulphide, 
B and the time of digestion and distillation be within certain limits. 





Kjeldahl Experiments 


By S. J. LAWELLIN 
Wallace and Tiernan Company, Newark, New Jersey 


These experiments were undertaken with a view of finding some or- 
ganic salt with a normal amount of nitrogen, which could be used as a 
check on kjeldahl determinations. An organic salt was desired as then 
the determination would be more comparable to the determination of ni- 
trogen or protein as generally employed in cereal laboratories, or, in oth- 
er words, there would be the same charring effect with a cetain period 
necessary for clearing of the digestate with a consequent necessary 
amount of digestion with completely converted nitrogenous compounds 











AMERICAN ASSOCIATION OF CEREAL CHEMISTS 149 


into ammonia salts. A salt was desired which would give the maximum 
theoretical nitrogen in the shortest digestion period employed in cereal 
laboratories as well as one that would not easily lose this nitrogen when 
digested for comparatively long periods. 

In the investigation of each salt as taken up, the first idea was to 
determine if the percentage of nitrogen was constant for periods of di- 
gestion from the shortest to the longest known used in this work. Where 
any great variation in nitrogen content under these varying conditions 
was found, which could not be explained by observation in manipu- 
lating, the salt was discarded as unfit for the object in view. 

The second idea in the experiment was to determine if the actual 
theoretical amount of nitrogen could be recovered with the various di- 
gestion periods employed and if this could not be accomplished, the salt 
was likewise discarded. 

The third idea in the selection of salts was to try to select one or two 
which were not subject to rapid change through absorption or loss of 
moisture when exposed to the air for the period of time necessary for 
weighing. Also if a salt did not pass through the charring stage or if it 
was not at least partly organie or did not seem to act as the average 
flour sample does, the salt was again rejected. 

The Southern Cottonseed Oil Association has adopted for their 
standard the use of ammonium sulphate. This salt has been tried and 
on the thoroughly dried out and desiccated sample which was handled 
very carefully with regard to protection from moisture it was found to 
give the maximum amount of theoretical nitrogen under the conditions 
specified. This salt is quite easily prepared in a very pure state but for 
this work has had two drawbacks. In the first place ammonium sulphate 
must be thoroughly dried and desiccated and then must be protected in 
an extremely careful manner from moisture in the air. The precau- 
tions necessary to keep this salt free from moisture are decidedly un- 
handy. 

The second cause of rejection was the fact that this sample does not 
char in the digestion and does not give a comparable action with cereals 
in the actual kjeldahl determinations. There is no question but what 
this salt would be acceptable except for these two features. 

Work was done upon a number of salts to. determine constant ratio 
of nitrogen by various methods of handling, especially in digestion, be- 
fore any attempt was made to select salts for their purity. All of this 
preliminary work tended to point to the fact that benzamide and ortho 
benzoic sulphamide (saccharin) would admirably make all the conditions 
proposed. Samples of these two salts of the very highest purity were se- 
cured. These particular samples were secured from the Eastman Kodak 
Company but others might be equally good. In testing these samples un- 
der the various periods of digestion it was soon found that benzamide 
tended to give an increase in nitrogen up to a maximum at 114 hours 
and then a fairly constant decrease in nitrogen at longer periods of di- 
gestion. Repeated checks on this seem to verify this statement so we are 
able to assume that with extremely longer periods of digestion this salt 
weuld be unsuitable. 

Saecharin was found to give the maximum amount of nitrogen at 
any period of digestion between half an hour and three hours, tending 
to indicate that the nitrogen was so firmly bound that it was not lost un- 
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der conditions of long or hard digestion. The complete results for ex- 
periments are not reported but with the exception of alpha naphthyla- 
mine sufficient data are reported to show the tendeney of the salt under 
varying digestion periods. 





KJELDAHL EXPERIMENTS 


List of Organic Saits Used In this Work. 


(1) Alpha-naphthylamine--Formula—C,,H,NU,. 

Molar Weight—143.16. Per cent nitrogen—9.784%. 

Use 14 gram—250 mg. Per cent nitrogen—2.446% (as 1 gram.) 
(2) Nitroso-beta-naphthol—Formula—NO.C,,H,OH. 

Molar weight—173.15—Per cent nitrogen—8.090%. 

Use 14 gram—250 mg.—Per ent nitrogen—2.022% (as 1 gram.) 
(3) Strychnine Sulphate—Formula——(C,,H,,N,O,),..H,SO,.5H,0. 

Molar weight—856.77—Per cent nitrogen—6.539%. 

Use 14 gram—250 mg.—Per cent nitrogen—1.6359%% (as 1 gram.) 
(4) Quinine Sulphate—Formula—(C,,H,,N,O,),..H,SO,.7H,0. 

Molar Weight—872.804—Per cent nitrogen—6.419%. 

Use 14 gram—250 mg.—Per cent nitrogen—1.605% (as 1 gram.) 
(5) Acetanlid—Formula—CH,CONH .C,H,. 

Molar weight—135.12—Per cent nitrogen—10.367%. 

Use 14 gram—250 mg.—Per cent nitrogen—2.592% ( as 1 gram.) 
(6) Ammonimum Sulphate—Formula— (NH,).S0O,. 

Molar weight—132.14—Per cent nitrogen—21.201%. 

Use 1380 mg.—Per cent nitrogen—3.178% (as 130 mg.) 
(7) Benzamide—EKCO.—Formula—C,H,CONH.,. 

Molar weight—121.14—Per cent nitrogen—11.555%. 

Use 14 gram—250 mg.—-Per cent nitrogen—2.888% (« 





is 1 gram.) 
(8)__Ortho-benzoie Sulphamide. 

Sacharin EKCO—Formula—C,H, .CO.SO,. NH. 

Molar weight—183.17—Per cent nitrogen—7.647%. 

Use 14 gram—250 mg.—Per cent nitrogen—1.912% (as 1 gram.) 


It must be noted that when the stated amount is used the percent- 
age of nitrogen has been calculated on the determination as if one gram 
had been used and all results as reported should be multiplied by four 
(4), except in the case of ammonium sulphate to get the correct amount 
of nitrogen contained in the salt. The idea was to express in terms of the 
usual nitrogen titration chart where usually one gram of material is used 
for the determination of nitrogen or protein. This simplifies the caleu- 
lation to determine whether the process as applied is sufficiently aceur- 
ate. By using the amount indicated, running the kjeldahl determination 
in the usual way, as well as the titration, one can then read directly from 
the titration to the percentage of nitrogen found and by comparing this 
with the calculated percentage for this amount of substance determine 
at onee how much in error the determination has been. 
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TABLES 
z 7 E 
is . we A . bas oe 8% 
Q AL < “45 & MOO Zh oO Oe BQ &Z 

1922 

10-10 1 250Mgm. 25 = 8.1 0.4 2.310 None 2.310 120 2.446 

10-10 2 250 Mgm. 25 12.9 04 1.640 None 1.640 60 2.022 

10-10 2 250 Mem. 25 108 O04 1.930 None 1.930 120 2.022 

10-11 3 250 Mem. 25 98 0.6 1.380 None 1.380 120 1.635 

10-11 3 250 Mem. 25 15.3 0.6 1.190 None 1.190 60 1.635 

10-11 4 250 Mem. 25 5.2 0.6 1.540 None 1.540 120 1.605 

10-25 5 250 Mem. 25 tA 0.3 2.464 None 2.464 60 2.592 

10-25 5 250 Mem. 25 6.9 0.3 2.492 None 2.492 90 2.592 

10-25 iy 250 Mem. 25 6.7 3 2.520 None 2.520 120 2.592 

10-28 a 250 Mem. 25 69 03 2.492 None 2.492 90 2.592 

10-28 8 250 Mem. 25 13.4 0.3 1.582 None 1.582 90 1.912 

10-29 8 250 Mem. 25 13.4 0.3 1.582 None 1.582 120 1.912 

10-30 § 250 Mem. 25 13.4 0.3 1.582 None 1.582 60 1.912 

10-30 s 250 Mem. 25 13.35 0.3 1.589 None 1.589 120 1.912 

10-30 8 250 Mem. 25 13.35 0.8 1.589 None 1.589 90 1.912 

10-31 6 130 Mem. 25 2.3 0.3 3.136 None 3.136 60 3.178 

10-31 6 130 Mem. 25 23 0.3 3.136 None 3.136 120 3.178 

11-8 6 130 Mem. 25 2.7 0.3 3.080 0.0959%3.175 60 3.178 

11-8 6 130 Mem. 25 2.7 0.3 3.080 0.095%3.175 90 3.178 

11-8 6 130 Mem. 25 2.7 0.3 3.080 0.09593.175 120 3.178 

1923 

4-5 3 250 Mem. 25  4:! 0.0 2.814 None 2.814 55 2.888 

4-5 7 250 Mem. 25 48 0.0 2.828 None 2.828 70 2.888 

4-5 7 250 Mgm. 25 4.7 0.0 2.842 None 2.842 95 2.888 

4-5 8 250 Mgm. 25 11.4 0.0 1.904 None 1.904 55 1.912 

4-5 8 250 Mem. 25 11.4 0.0 1.904 None 1.904 65 1.912 

4-5 8 250 Mem. 25 114 0.0 1.904 None 1.904 85 1.912 

4-6 7 250 Mem. 25 5.0 0.0 2.800 None 2.800 60 2.888 

4-6 7 250 Mem. 25 4.7 0.0 2.842 None 2.842 90 2.888 

4-6 7 250 Mem. 25 4.5 0.0 2.870 None 2.870 90 2.888 

4-6 7 250 Mem. 25 46 0.0 2.856 None 2.856 105 2.888 
4-6 7 250 Mem. 25 48 0.0 2.828 None 2.828 120 2.888 

4-6 4 250 Mem. 25 a 0.0 2.786 None 2.786 135 2.888 ve | 
4-11 8 250 Mem. 25 11-2 0.15 1.911 None 1.911 30 1,912 " 
4-11 8 250 Mgm. 25 11.2 0.15 1.911 None 1.911 60 1.912 
4-11 8 250 Mem. 25 11.2 0.15 1.911 None 1.911 90 1.912 

4-11 8 250 Mem. 25 11.2 0.15 1.911 None 1.911 120 1.912 
4-11 8 250 Mem. 25 11.2 0.15 1.911 None 1.911 135 1.912 
4-11 8 250 Mem. 25 11.2 0.15 1.911 None 1.911 180 1.912 


* This sample of salt was not E. K. Co. and was known to be impure. 
** Correction for moisture not made. 








NOTICE 
The Methods of Analysis of The American Association of 


Cereal Chemists is now available. 
Copies can be secured from the Secretary, Mr. A. A. Jones, 


The Hoyland Flour Mills Co., 608 New England Building, 
Kansas City, Mo. 





THE JOURNAL OF THE AMERICAN ASSOCIATION 
OF CEREAL CHEMISTS 


Reaches over 1000 millers and chemists. Does your sales ap- 
peal enter this field? 


For advertising space, rates, particulars, address 
R. 8S. Herman, Business Manager, 2023 Central Ave., 


Kansas City, Kansas. 








ATTENTION: THE MILLER 
Are you seeking a reliable and capable chemist? If you are, 
write the Editor of this Journal, as he usually has a list of avail- 
able men, their qualifications, etc. Let us know what you require, 


approximate salary, etc. 


ATTENTION: CHEMISTS 
If you are looking for a position send the editor your name, 
address, experience, education and any other information you think 
necessary and we will give you information concerning positions 


open. 





Address: J. R. Hess, Editor, The Journal of the American 
Association of Cereal Chemists, 318 Avenue B West, 
Hutchinson, Kansas. 

















